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1.  Tlie  technical  report  transmitted  herewith  represents  the  results  of 
one  of  a series  of  research  efforts  (work  units)  undertaken  as  part  of 
Task  AA  (Marsh  Development)  of  the  Corps  of  Engineers'  Dredged  Material 
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dredged  material  as  a substrate  for  marsh  development. 

2.  Marsh  development  using  dredged  material  was  Investigated  by  the  HDP 
under  botii  laboratory  and  field  conditions.  The  study  reported  herein 
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jointly  developed  to  achieve  Task  AA  objectives  at  the  Windmill  Point 
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States.  Interpretation  of  this  report's  findings  and  recommendations  is 
best  made  in  context  with  the  otlier  reports  in  the  Windmill  Point  site 
series  (AAllA-M). 

3.  This  report,  "Appendix  E:  Environmental  Impacts  of  Marsh  Develop- 
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in  Marsti  Soils  and  Vascular  Plant  Tissues,"  is  one  of  six  appendices 
relative  to  tlie  Waterways  Experiment  Station's  Technical  Report  D-77-23, 
entitled  "Habitat  Development  Field  Investigations,  Windmill  Point  Marsh 
Development  Site,  .lames  River,  Virginia;  Summary  Report"  (AAllM) . The 
appendices  to  the  Summary  Report  are  studies  that  provide  technical 
background  and  supporting  data  and  may  or  may  not  represent  discrete 
research  products.  Appendices  that  are  largely  data  tabulations  or  that 
clearly  have  only  site-specific  relevance  were  published  as  microfiche; 
those  with  more  general  application  were  published  as  printed  reports. 

A.  Research  described  in  this  document  deals  with  the  comparison  of 
heavy  metals  and  chlorinated  hydrocarbons  in  marsh  soils  and  marsh  plant 
tissues  in  three  freshwater  marshes  in  the  James  River,  Virginia.  Two 
of  these  marshes  were  natural;  the  third  was  developed  on  dredged  mate- 
rial. Evaluations  of  chemical  transfer  routes  and  comparisons  between 
sites  are  presented  and  discussed. 
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centrations of  chromium,  cadmium,  and  lead  were  higher  in  the  dredged  material 
marsh;  nickel  and  zinc  concentrations  were  higher  in  the  natural  marsh.  Low 
detectable  levels  of  DDD,  chlordane  isomers,  end  Arochlor  1260  (PCB)  occurred 
most  frequently  in  dredged  material  marsh  soils.  _Hickel  was  the  only  ir.etal 
studied  which  could  be  identified  in  an  experimental  marsh  plant  tissue  at  high- 
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Eelthane  were  detected  most  frequently  in  plant  samples  collected  from  the  ex- 
perimental marsh.  Eepone  was  detected  in  all  marsh  soisls  studied.  Concentra- 
tions were  highest  (about  500  ppb , dry  weight)  at  the  ex^rimiental  marsh.  How- 
ever, there  were  no  differences  in  plant  tissue  Eepone  con^ntrations  between 
the  experimental  and  natural  marshes.  There  was  no  apparen'fcx relationship  be- 
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conditions,  appeared  to  restrict  chemical  mobility  and  bioavai 1 abJ 1 ity  and 
favored  chlorinated  hydrocarbon  degradation.  Potential  soil  chemical  to  plant 
transfer  routes  including  surface  sorption  and  adsorption  and  tran.-  '’ation 
were  evidenced  and  discussed. 
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PREFACE 


j : 
I 

i , 

I 

This  report  presents  the  results  of  an  investigation  of  metals  I 

and  chlorinated  hydrocarbon  compounds  in  soils  and  vascular  plant  ! 

tissues  collected  from  a dredged  material  marsh  and  natural  marshes. 

Tlie  study  was  one  of  several  conducted  at  the  Windmill  Point  marsh 
development  site,  James  River,  Va . The  research  was  sponsored  by  the 
Office,  Chief  of  Engineers  (DAEN-CWO-M) , under  the  Civil  Works  Dredged 
Material  Research  Program  (DMRP) , which  was  planned  and  Implemented 
by  the  Environmental  Laboratory  (EL),  L’.  S.  Army  Engineer  Waterways 
Experiment  Station  (WES),  Vicksburg,  Miss.  The  study  was  undertaken 

as  part  of  Task  4A,  Marsh  Development,  of  the  DMRP  Habitat  Development  ' 

Project  (HDP) . 

The  report  was  written  by  John  D.  Lunz,  Natural  Resources  Develop- 
ment Branch,  EL,  under  the  supervision  of  Dr.  Hanley  K.  Smith,  Manager, 

HDP,  Dr.  C.  J.  Kirby,  Chief,  Environmental  Resources  Division,  EL, 
and  Dr.  John  Harrison,  Chief,  EL. 

The  following  persons  are  acknowledged  for  their  cooperation  ' 

during  the  study:  Mr.  David  Harrison,  owner  of  the  Windmill  Point 
experimental  marsh;  Ms.  Bruce  Crane  Fischer,  owner  of  the  Ducking  Stool 
Point  natural  marsh;  the  U.  S.  Fish  and  Wildlife  Service;  and 
Mr.  Harold  Olson,  Refuge  Manager  of  the  Presquile  National  Wildlife 
Refuge  in  which  the  Turkey  Island  natural  marsh  was  located. 

The  U.  S.  Army  Engineer  District,  Norfolk,  provided  contracting 
support  for  metals  analysis  by  the  Virginia  Institute  of  Marine  Science 
(VIMS),  Gloucester  Point,  Va.  (Contract  No.  DACW  39-76-C-0040) , and 
for  chlorinated  hydrocarbon  analysis  by  Analytical  Biochemistry 
Laboratories,  Inc.,  Columbia,  Mo.  (Contract  No.  DACW  65-77-C-0052 ) . 

VIMS  provided  field  logistical  support  during  sample  collection. 

The  assistance  of  Mr.  Damon  Doumlele  and  Mr.  Arthur  Harris  in  collect- 
ing plant  tissues  and  of  Dr.  Richard  Wetzel,  who  directed  collect- 
ing of  soil  samples,  is  particularly  acknowledged. 

EL  personnel  also  benefitted  the  study.  Dr.  Robert  Terry  Huffman 
and  Ms.  L.  Jean  Hunt  participated  in  collecting  plant  tissues. 


i 

L)r.  Robert  .1.  Diaz  assisted  in  statistical  analysis  and  data  presentation, 
and  Ms.  Mary  K.  Vincent  provided  editorial  review  and  technical  writing 
support . 

The  Director  of  WES  during  the  study  was  COL  J.  L.  Cannon,  (;E. 

Technical  Director  was  Mr.  F.  R.  Brown. 
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HABITAT  OKVELOrMENT  PM  ELD  INVESTIGATIONS. 

W1  NOMILL  POINT  MARSH  DKVKLOmKNT  SITE, 

JAMES  RIVER,  VIRGINIA 

APPENDIX  E:  ENVIRONMENTAL  IMPACTS  OF  MARSH  DEVELOPMENT  WITH 
DREDGED  MATERIAL;  METALS  AND  CHLORINATED  HYDROCARBON 
COMPOUNDS  IN  MARSH  SOILS  AND  VASCULAR  PLANT  TISSUES 

PART  I;  INTRODUCTION 

1.  In  197'3,  tlie  Dredged  Material  Research  Program  (DMRP)  was 
undertaken  by  the  U.  S.  Army  Engineer  Waterways  Experiment  Station 
(WES)  to  investigate  a wide  variety  of  problems  concerning  environmental 
aspects  of  dredged  material  disposal  operations.  The  Habitat  Develop- 
ment Project  (HOP)  of  the  DMRP  liad , as  one  of  its  tasks,  to  evaluate, 

as  an  alternative  to  disposal,  the  possibility  of  developing  marsh 
habitat  on  dredged  material  substrate.  A major  part  of  the  research 
Involved  a field  program  with  study  sites  located  In  a variety  of 
coastal  environments.  One  of  tlie  sites  was  located  near  Windmill  Point 
on  the  James  River,  Va.  (Figure  1). 

Sett ing 

2.  Tlie  Windmill  Point  marsli  development  site  Is  a 9.3-ha  dredged 

material  island  in  the  James  River,  0.4  km  west  of  Windmill  Point, 

Prince  George  County,  Va • The  site  was  constructed  during  the  1974 

to  1973  maintenance  dredging  of  the  Windmill  Point  and  Jordan  Point 

3 

navigation  channels.  Approximately  61,000  m of  sand  were  used  for 

3 

dike  construction  and  about  167,000  m of  fine-textured  channel  sedi- 
ments wen-  disposed  within  the  152-  by  396-m  confinement.  For  more 
detailed  site  description  and  site  construction  Information  the  reader 
is  relerred  to  the  main  text  of  the  summary  report  on  the  site  (Lunz 
et  al  . 19  78)  . 
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Location  of  the  Windmill  Point  experimental  march  (dredged  material 
the  natural  marshes  at  Ducking  Steel  Point  and  Turkey  Island 


Background  to  Problem 


i . I'reshwater  marsh  vascular  plants  are  important  primary 
producers  of  organic  material  tliat  provide  nutrition  directly  to 
grazing  plant  eating  animals  (herbivores)  including  various  ducks  and 
geese  and  mammals  tliat  inhabit  marsli  areas.  Additionally,  these 
plants  provide  an  indirect  source  of  nutrition  to  a diversity  of 
smaller  aquatic  animals  including  worms,  insects,  and  shellfish  that 
live  on  top  of  or  in  the  marsh,  river,  or  lake  sediments  and  that 
feed  on  decomposing  plant  fragments  (detritus)  or  the  abundant  micro- 
scopic life  (bacteria,  fungi,  diatoms  etc.)  associated  with  detrital 
particles. 

4.  The  HDP  was  concerned  with  the  potential  transfer  of  metals 
and  chlorinated  hydrocarbon  compounds  from  a dredged  material  sub- 
strate to  the  freshwater  vascular  plants  growing  on  that  substrate 
as  a consequence  of  marsh  development. 

5.  Plant  uptake  of  soil  applied  metals  and  chlorinated  hydro- 
carbons are  well  documented  in  the  scientific  literature.  The  majority 
of  these  studies  deal  with  the  uptake  of  sewage  sludge  Incorporated 
metals  or  metallic  radionuclides  or  common  pestlcidal  and  herblcldal 
compounds  by  important  agricultural  crops  such  as  corn,  soybeans, 
cotton,  alfalfa,  etc.  Where  appropriate  these  studies  have  been  cited 
in  the  results  and  discussion  portions  of  this  report. 

6.  In  contrast  to  studies  of  crop  plants,  prior  to  the  DMRP, 
very  little  Information  existed  that  might  be  applied  to  assessing 
the  potential  for  either  metals  or  chlorinated  hydrocarbon  uptake  by 
marsh  vegetation.  Gambrell  et  al.  (1977)  reviewed  information  relevant 
to  metals  in  marsh  vascular  plants  and  presented  the  'esults  of  labo- 
ratory studies  examining  the  influence  of  salinity,  pH,  and  oxidation- 
reduction  potential  on  metals  transfer  to  marsh  plant  tissues.  Lee 

et  al.  (1978)  examined  a variety  of  both  freshwater  and  saltwater 
marsh  plant  species  in  a laboratory  hydroponic  study  and  demonstrated 
the  potential  for  metals  transfer  to  some  of  these  tissues.  Walsh 
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and  Hollister*  studied  the  uptake  of  Tordon  101  (an  organic  compound 
composed  of  the  herbicide  2,4-D  mixed  with  Plcollnic  acid),  the  poly- 
chlorinated biphenyl  (PCB)  Arochlor  1254  and  Mlrex  by  turtle  grass 
(ThaLt/tii-ca  tz^tudinutn)  . The  2,4-D  component  of  Tordon  101  was  con- 
centrated by  the  chromes  of  turtle  grass  by  a factor  of  0.05  to  0.12 
after  10-days  exposure  to  1 and  5 ppm,  respectively.  Arochlor  1254  was 
not  concentrated  by  turtle  grass  even  after  exposure  for  10  days  to 
concentrations  as  high  as  5.8  ppm.  Mlrex  was  concentrated  by  a factor 
of  0.36  after  a 10-day  exposure  to  only  0.1  ppb . A study  by  Walsh  et 
al.**  of  red  mangrove's  (RhyCzophoHn.  mangtz)  ability  to  concentrate 
Tordon  101  documented  concentration  factors  from  0.064  to  9.0  in  all  the 
plant's  tissued  after  20-days  exposure  to  14.4  ppb. 

7.  In  1974,  before  the  commencement  of  channel  dredging  and 
dredged  material  disposal  and  construction  of  the  marsh  Windmill  Point 
development  site,  the  f ine-textured  sediments  of  the  Jordan  Point 
navigation  channel  were  collected  and  analyzed  to  describe  their  metals 
composition  (Lunz  et  al.  1978).  Table  1 summarizes  the  results  of  these 
analyses.  Channel  sedim«^nts  collected  before  dredging  were  furtlier 
screened  for  organic  contaminants  that  would  be  associated  witti  the 
proposed  marsh  substrate.***  The  organic  characterization  suggested 
the  possible  presence  of  the  following  compounds:  aldrin,  dieldrin, 
endrln,  chlordane,  heptachlor,  heptachlor  epoxide,  p,p'  DDT,  p,p'  DDD, 


* Unpublished  data.  Prepared  by  G.  E.  Walsh  and  T.  A.  Hollister, 
1971.  Environmental  Protection  Agency,  Gulf  Breeze  Research 
Laboratory,  Gulf  Breeze,  Fla. 

**  Unpublished  data.  Prepared  by  G.  E.  Walsh,  R.  Barrett,  and 

G.  H.  Cook,  1972.  Environmental  Protection  Agency,  Gulf  Breeze 
Research  Laboratory,  Gulf  Breeze,  Fla. 

***  "TTie  alteration  of  fine-grained  channel  sediments  and  interstitial 
water  during  and  after  pipeline  dredging  and  deposition  within 
a sand-diked  island  near  Windmill  Point,  James  River,  Virginia," 
by  D.  0.  Adams,  D.  A.  Darby,  and  A.  J.  Diefenderfer  (unpublished). 
Prepared  in  1976  under  contract  to  the  U.  S.  Army  Engineer  Water- 
ways Experiment  Station,  CE,  Vicksburg,  Miss. 


(Concentrnt  ions  are  In  parts  per  million;  secli- 
ment  concentrations  are  based  on  dry  weight) 


Me  t a 1 

Sample  Type 

Mean 

Standard 

Deviation 

No.  of 
Samples 

N i eke  1 

Total  sedi- 
ment 

31.6 

7.1 

15 

Interst it ia 1 

water 

0.051 

0.019 

21 

Zinc 

Total  sedi- 
ment 

230.0 

51.9 

15 

Interstitial 

water 

0.183 

0.304 

17 

Cadmium 

Total  sedi- 
ment 

1.26 

0.55 

15 

Interstitial 

water 

0.009 

0.004 

23 

Lead 

Total  sedi- 
ment 

60.9 

11.38 

15 

Interstitial 

0.078 

0.021 

21 

water 


* 


Adapted  Iron  Adams  et  al.  (1978)  from  concentrations  In  the  upper 
(0  to  43  cm'  core  sections  collected  from  the  James  River  Navigation 
Channel  near  Windmill  Point. 
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p,p'  DDE,  Kelthane,  lindane,  methoxychlor , Kepone,  polychlorinated 
biphenyls  (PCBs)  and  tetrachlorethylene  (doubtful). 


8.  The  approach  to  the  investigation  was  based  on  the  following 
tenents : 

The  known  occurrence  of  metal  contaminated  sediments 
in  the  navigation  channel  to  be  dredged  for  habitat 
development  and  the  probable  occurrence  of  a variety  of 
chlorinated  hydrocarbon  compounds  in  these  sediments; 

The  release  of  Kepone  into  the  James  River  during  the 
period  proceeding  marsh  site  construction  (unknown  at 
the  time  of  habitat  development  site  planning  and 
construction)  and  the  potential  bioaccumulatlve  and 
toxic  nature  of  the  coumpound  (U . S.  Army  Engineer 
j District,  Norfolk  1976,  Hansen  et  al.  1976);  and 

£•  The  well-documented  transfer  of  metals  and  chlorinated 
j hydrocarbons  from  soils  to  upland  plants  and  the  limited 

( evidence  of  these  chemical  transfers  through  marsh  and 

^ aquatic  vegetation  systems. 

9.  The  objective  of  this  study  was  to  collect  and  analyze  soils 

^ and  plant  tissues  in  order  to  document  the  concentration  of  various 

metals  and  chlorinated  hydrocarbon  compounds  in  tissues  of  selected 
freshwater  vascular  plants  collected  from  a dredged  material  marsh 
and  natural  reference  marshes. 
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PART  II:  METHODS  AND  MATERIALS 


Experimental  Design 

JO.  VascLi  ar  plant  and  soil/sediment  samples  were  collected 
from  three  marshes.  Three  zones  or  strata  were  sampled  in  each  marsh 
and  samples  were  collected  from  each  zone  according  to  a stratified 
random  sampling  design.  The  stratified  random  sampling  scheme  was 
selected  to  reduce  some  of  the  chemical  variability  expected  as  a func- 
tion of  elevation  and  based  on  the  relationship  between  elevation, 
vegetation  zonation,  tidal  inundation,  and  sedimentation.  Random 
sampling  within  each  strata  was  selected  in  preference  to  systematic 
sampling  so  that  information  resulting  from  the  analysis  of  collected 
samples  could  be  used  to  describe  each  zone  as  a collective  unit. 

Marsh  sites 

11.  The  locations  of  the  three  marshes  are  Identified  in  Figure 
1.  They  are; 

£.  The  experimental  marsh  development  site  at  Windmill  Point, 
which  served  as  the  dredged  material  treatment; 

A natural  reference  marsh  at  Ducking  Stool  Point,  near 
Herring  Creek,  approximately  3.2  km  upriver  from  Windmill 
Point ; and 

£.  A natural  reference  marsh  located  on  Turkey  Island, 

Presquile  National  Wildlife  Refuge,  approximately  22.5- 
km  upriver  from  Windmill  Point  and  approximately  8-km 
upriver  from  Hopewell,  Va. , the  source  of  Kepone 
input  to  the  James  River. 

Sampling  strata 

12.  Soils  and/or  plant  samples  were  collected  from  three  inter- 
tidal strata.  There  were: 

£.  The  mud  flat  zone,  the  lowest  of  the  three  zones 

sampled,  and  characterized  by  having  no  vegetation; 

b.  The  pickerel  weed  - arrow  arum  zone,  defining  the  lowest 
vegetated  zone  of  the  marshes  and  consisting  of  pickerel 
weed  {Pontzd^fuji  cofidata)  and/or  arrow  arum  (PeJ’tanti'ia 
v-ifLg-Lnicxi)  and/or  arrowhead  (SagyittoAU/l  JioLtLf^oiAjO.)  \ 

£.  The  cattail  - beggar  tick  zone,  the  middle  and  upper 
marsh  zones  Inundated  less  frequently  than  either  the 
mudflat  or  pickerel  weed  - arrow  arum  zones  and  comprised 
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of  plant  species  Including  cattails  (Typha  6pp, ) , beggar 
ticks  (Rtdeiti  ■ipp.)  and  barnyard  grass  {Ldn-inochJioa  ipp.). 

Sampling  locations 

13.  Five  sampling  locations  in  each  strata  were  chosen  based  on 
the  random  occurrence  of  selected  plant  species  identified  below. 

One  sample  was  defined  as  the  amount  of  a specific  tissue  type  estimated 
as  necessary  for  chemical  analysis.  Thus  each  of  the  five  replicate 
samples  per  strata  were  pooled  samples. 

Plant  Species 

14.  Plant  species  were  chosen  considering  their  direct  value 

; as  food  items  for  local  wildlife  species.  Additionally,  only  portions 

I (tissues)  of  the  plant  actually  eaten  or  preferred  by  wildlife  were 

! collected.  Collections  consisted  of  arrow  arum  seeds,  cattail  stems 

, and  leaves,  cattail  tubers,  barnyard  grass  seeds,  barnyard  grass  stems 

1 and  leaves,  and  barnyard  grass  roots. 

i 

1 

Tissue  Treatments 

15.  The  collected  stems  and  leaves  of  both  cattail  and  barnyard 
grass  from  each  location  were  divided  into  two  portions.  One  portion 
was  treated  by  wiping  with  methyl  alcohol,  dilute  hydrochloric  acid 
and  distilled  water  to  remove  most  of  the  chemical  contaminants  on 
the  surface  of  these  materials  (Klias  and  Patterson  1975,  Lee  et  al. 

1978);  the  other  portion  was  left  untreated. 

Collection  Methodology 

16.  Plant  and  soils  samples  were  collected  from  all  sites 
during  October  1976.  Plant  tissues  were  collected  by  hand,  separated 
into  tissue  components  in  the  field,  and  placed  into  precleaned 
(dilute  hydrochloric  acid,  distilled  water,  and  acetone)  1-litre  glass 
Jars.  Soil  samples  were  collected  by  hand  push  coring  using  pre- 
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cleatic-d  '3-cm  ID  by  50-('m  lonf.;  iicrylic  core  liner  Cubes.  All  .somples 
were  transported  to  tlie  laboratory  on  tlie  day  of  collection  where  they 
underwent  iuiinediale  processing  or  were  refrigerated  at  ior  processing 

as  soon  as  pr.u  tical. 


Sample  I'rocessing 

17.  Sample  processing  consisted  ol  (a)  dividing  samples  for  a 
scheme  of  metals  and  chlorinated  hydrocarbon  analyses,  (b)  cleaning 
Ihi-  stems  and  leaves  of  certain  of  the  cattail  and  barnyard  grass 

sulisamples  as  described  in  the  above  tissue  treatments  section,  (c)  ‘ 

recording  sample  weights,  and  (d)  transferring  the  samples  to  indi- 
vidual [)recleaned  (acid,  distilled  water,  and  acetone)  m.ason  jars  for 
storage  preceding  their  analytical  processing.  All  samples  were 
stored  at  Caps  of  jars  containing  samples  identified  for  metals 

analyses  were  lined  with  I’arafllm;  jars  with  samples  for  chlorinated 
hydrocarbon  analysis  had  aluminum  foil  lined  caps  to  prevent  con- 
tamination by  the  rubber  seal  or  regular  cap  liner  material. 

Parameters 

18.  Soil  and  plant  tissue  samples  from  the  three  marsh  sites 
were  analyzed  for  chlorinated  hydrocarbons.  Samples  from  two  sites 
were  analyzed  for  metals.  The  natural  marsh  located  on  Turkey  Island, 
upstream  from  Windmill  Point  and  Hopewell,  Va . , was  selected  as  an 
upstream  control  for  Kepone  studies.  Information  presented  by  (.'regory 
(1976)  suggested  that  Kepone  was  concentrated  at  the  mouth  of  and 
downstream  from  Bailey's  Creek  on  the  James  River  at  Hopewell,  Va. 

In  the  interest  of  economy,  the  Turkey  Island  marsh  samples  were  not 
analyzed  for  metals. 

19.  For  metals,  samples  were  analyzed  to  document  concentrations 
of  nickel,  zinc,  cadmium,  chromium,  and  lead.  For  chlorinated  hydro- 
carbons, samples  were  analyzed  to  document  concentrations  of  aldrln, 
dieldrin,  DDT,  DDE,  DDD, a and y chlordane,  heptachlor,  heptachlor  epoxide, 
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endrin,  lindane,  Keltiiane,  Kepone,  polychlorinated  biphenyls  (PCBs), 
and  toxaphene. 


Analytical  Methodology 

20.  Metals  analyses  were  conducted  by  the  Virginia  Institute  of 
Marine  Science  (VIMS),  Oloucester  Point,  Va.,  by  agreement  with  WES 
and  the  U.  S.  Army  Engineer  District,  Norfolk,  under  Contract  No. 

DACW  '39-76-0-0040.  Analytical  Biochemistry  Laboratories,  Inc.,  Columbia, 
Mo.,  conducted  chlorinated  hydrocarbon  analyses  under  Contract  No. 

DACW  65-77-C-0052. 

Metals  in  soil  and  plant  tissues 

21.  Soil  and  plant  tissue  samples  were  analyzed  for  metals  using 
atomic  absorption  spectrophotometry  following  a nitric  acid  digestion 
designed  to  estimate  the  total  metals  levels.  All  glassware  used  for 
metals  analysis  was  washed  with  concentrated  nitric  acid  and  rinsed  with 
deionized  water. 

22.  A soil  or  plant  tissue  sample  (approximately  1 g)  of  known 
weight  and  moisture  content  was  added  to  a flask  witt>  10  ml  concentrated 
nitric  acid,  heated  to  just  boiling  and  removed  from  the  heat.  A 
second  10  ml  of  concentrated  nitric  acid  was  added  and  again  the  sample 
was  heated  to  just  boiling.  i'he  sample  was  removed  from  the  heat, 
allowed  to  cool  and  centrifuged  for  5 min  at  8000  rpm.  The  super- 
natant was  decanted,  measured  and  stored  until  analysis.  Minimum  levels 
of  detection  using  these  procedures  are  presented  in  Table  2. 

Ch rinated  hydrocarbons  in 
soils  and  plant  tissues 

23.  The  following  methodology  information  was  provided  by 
Analytical  Biochemistry  l.aborator  ies , Inc.,  as  jirocedures  used  for  the 
development  of  chlorinated  hydrocarbon  data  presented  in  this  report. 

a.  Analysis  of  soil  for  Kepone:  A 25.0-g  subsample  was 
weighed  into  a stainless  steel  cup.  To  this  sample, 

25  g of  hexane-extracted  sand  (Malllnkrodt  washed  and 
ignited)  was  added.  After  the  sample  and  sand  were  mixed, 
the  sam[)le  composites  were  transferred  to  extraction 
thimbles.  The  stainless  steel  cups  were  then  rinsed 
witli  methanol /benzene  (50/50)  to  remove  any  sample 
remaining  in  them.  Ihe  methano 1 /benzene  rinse  was 
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Table  1 


M^) iiiiuiTi  I.evels  of  Detection  for  Nickel,  Zinc,  Cadmium, 
Chromium  and  bead  in  Soil  and  Plant  Samples 


Metal 

Sample  Type 

Concent  rat  ion 
ppm.  Dry  Vieight 

Nickel 

Soi  1 

0.  n 

Plant  tissue 

1.0 

7.  i n c 

So  i 1 

O.O'i 

Plant  tissue 

2.5 

Cailm  i urn 

Soil 

O.Ol 

Plant  tissue 

O.A 

Ch  rom i urn 

So  i 1 

0.1 

IMant  tissue 

0.9 

Lead 

So  i 1 

0.  '3 

Plant  tissue 

2.5 
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poured  t)irougyi  the  ext  rat' t i t^n  thimhle;.  set  in  the 
soxlilet  extractors.  ’I'liC'  remainder  o)  tlie  iOO  ml  of 
methanol /benzene  was  then  poured  into  the  extracttjr. 

I he  ajjparatiis  was  connected  to  a reflux  condenser  and 
heating  mantel  and  allowed  to  extract  far  12  hr. 

After  the  extracticai  period,  the  samplt-s  were-  a 1 1 tjwed  to 
cool.  The  soxhlet  w;is  then  rinsed  with  an  additional 
100  ml  of  methano 1 /benzene  mixture.  1 he  sample  extract 
was  then  evapcjrated  on  a rotary  evafjcjrator  until  only 
w.'iter  remained.  To  this  ac|ueous  layer,  21  ml  of  acetone 
was  added.  The  combined  layers  were  then  passed  through 
a sodium  sulfate  funnel  to  remove  the  water.  I he  sample 
flask  w.'is  rinsed  with  two  additional  25  ml  portions  of 
acetone.  After  the  sample  extracts  had  been  passc-d 
through  the  sodium  sulfate  funnel,  it  was  rinsed  with 
'3-m  to  10-ml  porticais  of  acetone.  I he  combined  acetone 
rinses  were  then  evaporated  to  dryness  using,  ;i  rotary 
evaporator.  fhe  sample  residue  was  then  transferred  to 
a marked  culture  tube  with  ethyl  acetate  and  evaporated 
under  an  air  stream  to  5 ml.  A (f.  5-ml  alirpiot  of  this 
extract  was  then  submitted  to  further  cleanup  on  a mini 
f 1 or i s i 1 col umn . 

The  florisil  column  was  prepared  by  d ry-p;ick  i ng,  1.75 
g of  fl(;risil  into  ;i  A-mm  ID  by  1 AD-mm  long  column.  'fhe 
column  was  then  topped  with  10  mm  of  anhydrous  sodium 
sulfate  and  prewet  with  20  ml  of  hexane.  A 0.  5-ml 
aliquot  of  the  extract  was  then  ;idded  to  the  column  and 
eluted  with  2.5  ml  of  eluant  li  (50  percent  methylc-ne 
chlor  ide/0. 35  percent  acetcjn  i t r i le/ A9 . 05  percent  hi-xanel, 
which  was  discarded.  The  Kepone  was  then  eluted  with 
15  ml  of  ethyl  acetate.  The  I'thyl  acetate  fraction 
was  then  evaporated  to  dryness.  Any  sample  residue  was 
transferred  to  a m/irked  culture  tube  with  ethyl  acetate 
and  then  analyzed  by  gas  liquid  chromatography  (C.L.C.). 
Operating  parameters  were  as  follows: 

1.5  percent  OV-17  on  OCij  100/120  mesh 

2.0  percent  OV-210 

Column  Temperature;  205^^0 

Inlet  Temperature:  225''c 

Detector  Temperature:  300'*C 

Column  used:  1.8-m  colled  and  I . 8-m  "U"  column 

flow:  100  mf./min 

Analysis  of  soil  for  remaining  compounds:  Soil  samples 
were  thawed  and  mixed  thoroughly.  Twenty-f Ive-g  sub- 
samples were  weighed  into  33-  by  9A-mm  cellulose  extrac- 
tion thimbles.  Twenty-five  g of  ignited  and  washed  sand 
was  mixed  into  the  subsample  and  the  thimble  placed 
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in  tiif  soxiilft  extraction  assembly.  Approximately  '300  ml 
of  acetone/pi't  ro  leum  ettier  (1+1)  was  poured  tiirougb  the 
»xtraction  tube.  The  condensers  were  fitted  to  tlie  soxhlet 
extractor  and  the  solvent  heated  to  a gentle  boil.  After 
at  least  12  hr  the  heaters  were  turned  off  and  allowed 
to  cool.  The  extracts  were  concentrated  to  just  dryness 
by  rot-iry  evaporator.  Kesidues  were  transleired  to  a 
2.3-  by  100-cm  florisil  column.  I’Clis , t oxapbene  , lindane, 
aldrin,  chlordanes,  beptachlor,  DD'i  and  metabolites, 
mi  rex,  and  some  Kel thane  were  eluted  with  100  ml  of 
eluent  A (20  percent  dichloromethane  in  petroleum  ether). 
Sc-paration  ol  I'CBs  from  chlordane  and  iJDTs  was  accomplished 
with  woelm  silica  gel  mini  columns.  "A"  eluents  from 
florisil  were  concentrated  to  2 ml  and  a 1-ml  aliquot  was 
placed  on  the  column.  I'CBs,  mirex,  and  some  DDK  were 
eluted  with  16  ml  of  eluent  1(0.5  percent  benzene  in 
petroleum  ether).  The  eluate  was  (oncc-nt  rated  to  10  ml 
lor  C.I..C.  analysis.  l.indane,  aldrin,  heptachlor, 
chlordanes  and  DOTs  were  eluted  with  15  ml  eluent  2 
(4  percent  ethyl  acetate  in  bi-nzi-ne).  Heptachlor  epoxide, 
dieldrin,  endrin,  and  methoxyihlor  were?  eluted  from 
llorisil  with  180  ml  ol  eluent  B (50  iiercent  methylene 
I chloride/49.65  percent  petroieum  ether/0.35  percent 

I acetonitrile).  fhe  eluat»’  w.r.  concentrated  to  10  ml 

lor  (i.T.C.  analysis.  Mi  i ro  I i t aliuuots  were  injected 
into  (;.l..C.'s  equipped  with  a \i  electron  canture 
j detei  tor.  Opi'rating  parameters  wt're  as  follot  ; 

Column:  1.5  pertiiit  ()V-17,  2.0  percent 

09-120  on  (..C.(i.  100/120  mesh 

Column  Tempe  ra  t u ri- : 200”c 

Inlet  fempera  tu  re  : 22  5'’c 

Oetector  Temperature:  300”c 

I'i2  flow:  100  mi /min 

£.  Analysis  of  plant  tissue  lor  Kepone:  The  samples  were 
inacerated  with  a 3.8-litre  Waring  blender.  A 25-g 
subsample  was  weighed  into  a cellulose  extraction 
thimble,  loaded  into  a soxhlet  extraction  tube,  and  the 
extraction  tube  fitted  with  500-ml  boiling  flask. 

Three  hundred  ml  of  methanol /benzene  (1+1)  was  poured 
into  the  extractor.  The  extractor  was  fitted  with  a 
reflux  condi'nser  and  heating  mantle  and  allowed  to 
extract  for  12  hr  at  a rate  of  apjirox  imate  1 y 4 times 
per  hour.  After  the  extraction  period,  the  samples  were 
allowed  to  cool.  The  soxhlet  was  then  rinsed  with  an 
additional  100  ml  of  me thano 1 /benzene  mixture.  The 
sample  extract  was  then  evaporated  on  a rotary  evaporator 
until  only  water  remained.  To  this  af|ueous  layer,  25 
ml  ol  acetone  was  added.  The  combined  layers  were  then 
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passed  through  a sodium  sulfate  funnel  to  remove  the 
water.  The  sample  flask  was  rinsed  with  two  additional 
25-ml  portions  of  acetone.  After  the  sample  extracts 
had  been  passed  through  the  sodium  sulfate  funnel.  It 
was  rinsed  with  three  10-ml  portions  of  acetone.  The 
combined  acetone  rinses  were  then  evaporated  to  dryness 
using  a rotary  evaporator.  The  sample  residue  was 
then  transferred  to  a marked  culture  tube  with  ethyl 
acetate  and  evaporated  under  an  airstream  to  5 ml.  A 
0.5-ml  aliquot  of  this  abstract  was  then  submitted  to 
further  cleanup  on  a mini-f lorisll  column. 

The  f lorisll  column  was  prepared  by  dry-packing 
1.75  g of  florisil  into  a 4-mm  ID  by  140-mm  long  column. 
The  column  was  then  topped  with  10  mm  of  anhydrous  sodium 
sulfate  and  prewet  with  20  ml  of  hexane.  A 0.5-ml 
aliquot  of  the  extract  was  then  added  to  the  column  and 
eluted  with  2.5  ml  of  eluant  K (50  percent  methylene 
chlor lde/49 . 65  percent  hexane/0.35  percent  acetonitrile), 
which  was  discarded.  The  Kepone  was  then  eluted  with  15 
ml  of  ethyl  acetate.  The  ethyl  acetate  fraction  was 
then  evaporated  to  dryness.  Any  sample  residue  was 
transferred  to  a marked  culture  tube  with  ethyl  acetate 
and  then  analyzed  by  G.L.C.  Operating  parameters 
were  as  follows: 

1.5  percent  OV-17  on  fICO  100/120  mesh 

2.0  percent  OV-210 

Column  Temperature:  205”c 

Inlet  Temperature:  225^^0 
, 63,.. 

Detector  Ni  lemperature: 

Column  used:  l.H-m  coiled 
N2  flow  rate:  100  mi./min 

li • Analysis  of  plant  tissue  for  remaining  coumpounds : 

Twenty-five  g of  the  macerated  sample  were  weighed  into 
a 600-ml  Sorval  blender  cup  and  blended  with  approximately 
100  ml  of  acetone/petroleum  ether  (1+1)  for  5 min.  The 
sample  was  filtered  through  glass  fiber  filter  paper 
with  vacuum.  The  filtrate  was  set  aside  while  the 
filter  cake  and  glass  fiber  paper  were  placed  into  an 
extraction  thimble.  Approximately  300  ml  of  acetone/ 
petroleum  ether  (1+1)  was  poured  through  the  extraction 
tube.  'ihe  condensers  were  fitted  to  the  soxhlet 
extractor  and  the  solvent  heated  to  a gentle  boil. 

After  at  least  12  hr  the  heaters  were  turned  off  and 
allowed  to  cool.  The  extracts  were  concentrated  to 
just  dryness  by  rotory  evaporator.  Residues  were 
transferred  to  a 2.5-  < 100-cm  florisil  column.  PCBs, 


300°C 

and  1.8-m  "U"  column 
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t ox.'i|ilu'iu“ , iiiid.iiK',  .ililrin,  <li  I ii  i (l.iiii's  , lu’iil  .11  h I (it  , 

DDT  ,111(1  im't.iho  1 i Ic.'i , mi  rex,  ;)ikI  some  Kcitli.iiic  were 
c-luLocl  witli  100  III  I ()1  C'lia'iiL  A (20  lurccnl  <1  i cli  1 (i  roiiic  t li.iiu- 
ill  |H't  ro  1 (.‘inn  (.‘LIrt).  St‘|),'ir,il  i on  ol  I roin  cli  1 ordnnc 

and  DDTs  was  accoini)  I i slicd  willi  Woo  I in  silica  j'.ci  mini 
coliiiiin.s.  "A"  iliicnts  I roin  I lori.sil  were  coni  cn  t t .1 1 cd  to 
2 ml  and  a 1 ml  .ali(|uot  was  placed  on  the  column. 

I’Clis,  mirex,  and  some  DDh  were  eluted  with  16  ml  ol  eluent 
I (O.'j  [lercent  henxem  in  petroleum  elher>.  1 he  eluate 
was  concentrated  to  10  ml  lor  tl.h.t'..  analysis.  I.indane, 
aldrin,  heptaclilor,  chlordanes,  and  DDTs  were  eluted 
with  IT  ml  eluent  2 (A  percent  e t hy  I ace  t a t e in  heiixene>. 
lle|)tachlor  ejioxide,  dieldrin,  eiidi  in,  and  methoxyihlor 
Were  eluted  I rom  I lorisil  with  1 Ht)  ml  eluent  li  (TO 
percent  methylene  ( h 1 o r 1 de /49  . (iT  percent  iietroleiim 
ether/O.TT  percent  acetonitrile).  The  eluate  wa.s 
concentrated  to  10  ml  lor  tl.h.t;.  analysis.  Miiro- 
ligl^e  aliquots  weri‘  injected  into  tl.h.O.'s  e(pii|)])e(l  with 
a Ni  electron  capture  detector.  (Iperatinp,  parameters 
Were  as  fol  1 ow.s 

t.'olumn;  l.T  percent  I)V-I7,  2.0  percent  ()V-21() 
on  t;t;i)  100/120  mesh 

Oolunin  Temper.iture ; 20o''t: 

Inlet  Temperature;  22T”() 

Detector  Temperature:  300”o 
f low:  100  mP./mln 

24.  Minimum  levels  of  detection  are  presented  in  Table  3. 

Samples  containing'  detect.able  Kepone  concentrations  were  c(inrirmed 
by  G.h.C.  analysis  usinR  a 1,8  m x 4 mm  1.1).  coiled  column  usltiK 
5.0  percent  SE-30  on  CCQ  100/120  mesh. 


Go  1 limn  'I'empe rat  lire;  200"(; 

Inlet  Temperature;  225'’(,’ 

^^Ni  Detector  'l'em|)erature:  300*’(; 


Confirmation  an 
samples  tested, 
in  16  percent. 


alyses  substantiated  the  presence  ol  Kepone  in  all 

Confirmed  Kepone  values  in  all  soil  saiiqiles  were  wilh- 
I’ercent  recovery  values  for  chlorinated  hydrocarbon 
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Table  3 

Minimum  Levels  of  Detection  for  Chlorinated  Hydrocarbon 
Compounds  In  Soil  and  Plant  Samples 


Compound 

Concentration 
ppb.  Wet  Weight 

Aldrin 

10 

Dieldrln 

10 

DDT 

10 

DDT 

10 

DDE 

10 

DDE 

10 

DDD 

10 

IX  chlordane 

10 

Y chlordane 

10 

Heptachlor 

10 

Methoxychlor 

25 

Heptachlor  epoxide 

10 

Endrin 

10 

Lindane 

10 

Kel thane 

50 

Kepone 

10 

Polychlorinated  biphenyls 

30 

Toxaphene 

200 

I 
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compounds  from  spiked  soil  and  plant  tissue  samples  are  presented  in 
Table  4. 


Data  Analysis 

25.  Metals  concentrations  for  both  soils  and  plant  tissues 
were  subjected  to  analysis  of  variance  (ANOVA)  and  Duncan's  Multiple 
Kange  Comi)arison  using  the  .Statistical  Analysis  System  (Barr  et  al . 
1976).  To  achieve  a balanced  design,  a concentration  value  equal 
to  0.5  the  minimum  detection  limit  for  the  particular  metal  (Table 
'3)  was  substituted  for  concentrations  below  detection.  Wlien 
dealing  with  the  chltirinated  hydrocarbon  data,  the  number  of  missing 
valued  associated  with  less  than  detectable  concentrations  contra- 
indicated the  use  of  ANOVA  and  so  a two-tailed  t-test  or  a completely 
subjective  data  analysis  was  employed.  Kxceptlons  to  this  are  noted 
in  the  appropriate  portions  of  the  results  and  discussion  sections. 
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Table  4 

Percent  Recovery  Values  for  Chlorinated  Hydrocarbon 
Compounds  from  Spiked  Soil  and  Plant  Tissue  Samples 


Compound 

Concentration  Spike 
ppb.  Wet  Weight 

No. 

Mean 

Percent  Recovery 

Arochlor  1254  (PCB) 

158.0 

5 

82 

Lindane 

4.1 

1 

68 

41.0 

9 

75 

Heptachlor 

3.6 

1 

97 

40.0 

9 

61 

Aldr in 

4.0 

1 

80 

38.0 

9 

79 

Heptachlor  epoxide 

8.4 

1 

93 

53.0 

9 

63 

■y  chlordane 

8.1 

1 

94 

42.0 

9 

78 

u chlordane 

7.8 

1 

108 

45.0 

8 

76 

DDF, 

11.8 

1 

73 

42.0 

9 

79 

Dieldrln 

11.4 

1 

108 

39.0 

9 

83 

End r in 

20.4 

1 

88 

36.0 

9 

73 

DDT 

19.6 

1 

71 

42.0 

10 

73 

DDT 

19.8 

1 

95 

95.0 

10 

82 

DDD 

19.8 

1 

96 

39.0 

10 

78 

Mirex 

24.0 

1 

36 

42.0 

5 

37 

Methoxychlor 

36.8 

1 

48 

42.0 

10 

76 

Kepone 

40.0 

22 

93 

Toxaphene 

262.0 

1 

67 

330.0 

1 

56 

Kel thane 

248.0 

1 

79 

26.0 

1 

77 

I’AKT  III:  KI'JSUJ.T.S 


Ml*  la  1 s 

2().  I iilcrai't  in>’.  |)liy.sical  coiulil  inns  and  clinniifa  1 and  li  io  1 ni;  ira  1 
cliarai  tif  isl  ic.*,  inllui'iice  niftal  loiui'iit  rat  ions  in  plant  tissues.  Sonit* 
ol  lilt*  major  laitors  art*  sodimonl  particle  size,  soil  dryness  or  wet- 
nt*ss,  concent  rat  ions  oi  orj’.anic  and  inor>;anic  substances,  and  plant 
tissue  structuri*  as  it  aliects  the  potential  routes  oi  nietaJs  transfer, 
ilie  sintilt*  greatest  prol)lt*m  alfecting  delt*ndablt*  conclusions  about  the 
uptake  or  chemical  substanct*s  by  vascular  plant  materials  is  probably 
the  high  variability  ol  tlu*  data  caused  by  these  complex  interactions. 
Marshes  are,  by  del  inition,  transitional  areas  between  terrestrial  and 
aquatic  habitats.  'ihe  transitional  character  of  marsh  environments 
adds  to  high  natural  variability  in  soil  conditions  believed  to  be 
im()ortant  in  <*ffi*cting  nirtnls  lransfi*r  to  plant  tissues. 

27.  (iivi*n  the  above,  the  reader  is  forewarned  that  the  pre- 
sentation ol  results  in  this  report  has  been  tempered  by  considering 
the  highly  variabli*  data  (Table  5).  F.yeball  estimates  of  trends  in 
mt*an  metals  concentrations  among  areas,  soil  zones,  and  plant  tissues 
often  suggest  differences  that  niay  be  only  natural  variability.  Unless 
otherwise  qualified,  statements  about  metals  concentrations  Indicating 
that  areas,  soils,  or  plant  tissue  samples  are  different  from  each 
other  are  made  at  a = 0.05  or  less. 

Zinc  in  plant  tissues 

28.  Zinc  concentrations  among  various  plant  tissues  at  the 
exper tmi*ntal  and  natural  marsh  were  different  but  there  were  no 
differences  between  comparable  plant  tissues  at  the  two  marshes. 

Figure  2 presents  mean  zinc  concentrations  in  plant  samples.  There 
was  no  consistent  trend  in  plant  zinc  concentrations  between  the  two 
marshes.  The  highest  mean  zinc  concentration  values  were  associated 
with  barnyard  grass  roots  from  the  reference  marsh.  When  compared 
with  otlier  plant  tissues  there  were  no  real  differences  between  barn- 
yard grass  root  zinc  concentrations  at  the  reference  marsh  and  con- 
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Table  5 

Concentrations  of  Metals  in  Marsh  Plant  Tissues  Collected 
from  the  Windmill  Point  Experimental  Marsh 
and  a Natural  Marsh 


Metal  and  Minimum  Level  of  Detection 
ppm.  Dry  Weight 


Sample 

Nickel 

Zinc  Cadmium 

Chromium 

Lead 

Marsh  Plant  Tissue 

No . 

1.0 

2.5 

0.4 

0.9 

2.5 

a . 

Windmil 1 

Point  Experimental 

Marsh 

Peltandra,  seeds 

1 

-0.5 

30.0 

<0.2 

2.0 

'1.3 

2 

7.0 

31.0 

<0.2 

-0.5 

-1.3 

3 

1.0 

24.0 

0.6 

-0.5 

<1.3 

4 

^0.5 

51.0 

<0.2 

-0.5 

<1.3 

1 

5 

2.0 

43.0 

<0.2 

-0.5 

-1.3 

i 

Total 

11.0 

179.0 

1.4 

4.0 

6.5 

N 

5.0 

5.0 

5.0 

5.0 

5.0 

1 

/ 

X 

2.2 

35.8 

0.28 

0.80 

1.3 

Echinochloa,  seeds 

1 

2.0 

139.0 

- cr.2 

3.0 

3.0 

2 

5.0 

68.0 

0.5 

4.0 

-1.3 

3 

1.0 

49.0 

<0.2 

2.0 

-1.3 

4 

3.0 

76.0 

0.3 

4.0 

<1.3 

5 

"O.S 

54.0 

0.8 

3.0 

-1.3 

Total 

11.5 

386.0 

2.0 

16.0 

8.2 

N 

5.0 

5.0 

5.0 

5.0 

5.0 

X 

2.3 

77.2 

0.4 

3.2 

1 .64 

Echlnochloa,  roots 

1 

5.0 

40.0 

<0.2 

2.0 

3.0 

2 

7.0 

70.0 

0.9 

8.0 

13.0 

3 

8.0 

63.0 

0.6 

6.0 

6.0 

4 

6.0 

63.0 

1.1 

4.0 

5.0 

5 

7.0 

46.0 

0.8 

4.0 

5.0 

Total 

33.0 

282.0 

3.6 

24.0 

32.0 

N 

5.0 

5.0 

5.0 

5.0 

5.0 

X 

6.6 

56.4 

0.72 

4.8 

6.4 

(Continued) 

26 


(sheet  1 of  6) 


Table  5 (Continued) 
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Metal  and  Minimum  Level  of  Detection 
ppm.  Dry  Weight 


Sample 

Nickel 

Zinc 

Cadmium 

Chromium 

Lead 

Marsh  Plant  Tissue 

No. 

1.0 

2.5 

0.4 

0.9 

2.5 

a.  Windmill  Point  Experimental  Marsh  (Continued) 


Echlnochloa,  stems/ 

1 

5.0 

16.0 

<0.2 

4.0 

<1.3 

leaves  unwashed 

2 

1.0 

54.0 

0.3 

<0.5 

3.0 

3 

3.0 

39.0 

<0.2 

2.0 

<1.3 

4 

2.0 

66.0 

<0.2 

2.0 

<1.3 

5 

<0.5 

49.0 

<0.2 

3.0 

<1.3 

Total 

11.5 

224.0 

1.1 

11.5 

8.2 

N 

5.0 

5.0 

5.0 

5.0 

5.0 

X 

2.3 

44.8 

0.22 

2.3 

1.64 

Echlnochloa,  stems/ 

1 

4.0 

36.0 

<0.2 

2.0 

<1.3 

leaves  washed 

2 

2,0 

127.0 

0.4 

<0.5 

<1.3 

3 

6.0 

56.0 

<0.2 

2.0 

<1.3 

4 

1,0 

66.0 

<0.2 

2.0 

<1,3 

5 

2.0 

55.0 

<0.2 

3.0 

<1.3 

Total 

15.0 

340.0 

1.2 

9.5 

6.5 

N 

5,0 

5.0 

5.0 

5.0 

5.0 

X 

3.0 

68.0 

0.24 

1.9 

1.3 

Typha,  tubers  1 

2.0 

14.0 

<0.2 

2.0 

<1.3 

2 

4.0 

144.0 

<0.2 

3.0 

<1.3 

3 

1.0 

37.0 

0.3 

2.0 

3.0 

4 

6.0 

61.0 

<0.2 

4.0 

<1.3 

5 

3.0 

32.0 

0.4 

<0.5 

<1.3 

Total 

16.0 

288.0 

1.3 

11.5 

8.2 

N 

5.0 

5.0 

5.0 

5.0 

5.0 

X 

3.2 

57.6 

0.26 

2.3 

1.64 

I 


(Continued) 
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Table  5 (Continued) 


Metal  and  Minimum  Level  of  Detection 
ppm,  Dry  Weight 


Marsh  Plant  Tissue 

Sample 

No. 

Nickel 

1.0 

Zinc 

2.5 

Cadmium 

0.4 

Chromium 

0.9 

Lead 

2.5 

a.  Windmill 

Point  Experimental  Marsh  (Concluded) 

Typha,  stems/ leaves 

1 

3.0 

16.0 

0.3 

<0.5 

<1.3 

unwashed 

2 

8.0 

18.0 

0.3 

<0.5 

3.0 

3 

A.O 

45.0 

0.7 

2.0 

5.0 

A 

5.0 

20.0 

<0.2 

2.0 

3.0 

5 

5.0 

29.0 

<0.2 

3.0 

<1.3 

Total 

25.0 

128.0 

1.7 

8.0 

13.6 

N 

5.0 

5.0 

5.0 

5.0 

5.0 

X 

5.0 

25.6 

0.34 

1.6 

2.7 

Typha,  stems/ leaves 
washed 


1 

4.0 

12.0 

<0.2 

2.0 

<1.3 

2 

7.0 

16.0 

0.3 

<0.5 

<1.3 

3 

5.0 

15.0 

-0.2 

3.0 

3.0 

4 

4.0 

22.0 

<0.2 

<0.5 

<1.3 

5 

3.0 

76.0 

0.4 

<0.5 

<1.3 

Total 

23.0 

141.0 

1.3 

6.5 

8.2 

N 

5.0 

5.0 

5.0 

5.0 

5.0 

X 

4.6 

28.2 

0.26 

1.3 

1.6^ 

Peltandra,  seeds 


b.  Ducking  Stool  Point 


1 

<0.5 

39.0 

<0.2 

<0.5 

<1.3 

2 

1.0 

32.0 

1.6 

2.0 

15.0 

3 

1.0 

52.0 

<0.2 

2.8 

<1.3 

4 

<0.5 

46.0 

<0.2 

2.0 

<1.3 

5 

<0.5 

40.0 

0.3 

<0.5 

<1.3 

Total 

3.5 

209.0 

2.5 

7.8 

20.2 

N 

5.0 

5.0 

5.0 

5.0 

5.0 

X 

0.7 

41.8 

0.5 

1.56 

4.04 

(Continued) 
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Table  5 (Continued) 


Metal  and  Minimum  Level  of  Detection 

ppm,  Dry  Weight 

Sample  Nickel  Zinc  Cadmium  Chromium  Lead 
Marsh  Plant  Tissue  No.  1.0  2.5  0.4  0.9  2.5 


h.  Ducking  Stool  Point  (Continued) 


Lchinochloa,  seeds  1 

<0.5 

44.0 

<0.2 

4.0 

--1.3 

2 

<0.5 

68.0 

<0.2 

<0.5 

<1.3 

3 

1.0 

45.0 

<0.2 

2.0 

"1.3 

4 

<0.5 

75.0 

<0.2 

2.0 

<1.3 

5 

3.5 

88.0 

0.3 

7.0 

9.0 

Total 

6.0 

320.0 

1.1 

15.5 

14.2 

N 

5.0 

5.0 

5.0 

5.0 

5.0 

X 

1.2 

64.0 

0.22 

3.10 

2.84 

Kchlnochloa,  roots  1 

9.0 

92.0 

1.6  , 

2.0 

15.0 

2 

5.0 

275.0 

0.8 

• 5.0 

9.0 

3 

2.0 

38.0 

<0.2 

2.3 

<1.3 

4 

1.0 

30.0 

<0.2 

<0.5 

<1.3 

5 

15.0 

95.0 

0.8 

10.0 

20.0 

Total 

32.0 

530.0 

3.6 

19.8 

46.6 

N 

5.0 

5.0 

5.0 

5.0 

5.0 

X 

6.4 

106.0 

0.72 

3.96 

9.3 

Echinochloa,  stems/ 

1 

3.0 

46.0 

<0.2 

5.0 

<1.3 

leaves  unwashed 

2 

2.0 

84.0 

<0.2 

<0.5 

<1.3 

3 

1.0 

44.0 

0.3 

<0.5 

<1.3 

4 

1.0 

41.0 

<0.2 

3.0 

<1.3 

5 

<0.5 

32.0 

0.3 

<0.5 

<1.3 

Total 

7.5 

247.0 

1.2 

9.5 

8.2 

N 

5.0 

5.0 

5.0 

5.0 

5.0 

X 

1.50 

49.4 

0.24 

1.90 

1.31 

(Continued) 
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Table  5 (Continued) 


Metal  and  Minimum  bevel  of  Detection 

ppm.  Dry  Weight 

Sample  Nickel  Zinc  Cadmium  Chromium  Lead 
Marsh  Plant  Tissue  No.  1.0  2.5  0.4  0.9  2.5 


b . Duckint*  Stool  Point  (Continued) 


F.chinochloa,  stems/ 

1 

3.0 

45.0 

0.7 

\ 
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Table  5 (Concluded) 


Metal  and  Minimum  Level  of  Detection 

ppm.  Dry  Weight 

Sample  Nickel  Zinc  Cadmium  Chromium  Lead 
Marsh  Plant  Tissue  No.  1.0 2 . 5 0.4 0. 9 2.5 


b.  Ducking  Stool  Point  (Concluded) 


Typha , stems/leaves 
washed 
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Figure  2.  Me.'in  zinc  concentrations  in  plan  tissues  collect- 
ed from  the  Windmill  Point  experimental  marsh  and  a natural 
marsh  at  Ducking  Stool  Point 
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ceritrations  in  barnyard  grass  roots  at  the  experimental  marsii  or  cat- 
tail tiibers  at  either  marsh.  Barnyard  grass  seed  xinr  concentrations 
also  existed  witiiin  the  wide  range  of  zinc  values  associated  with  the 
barnyard  grass  roots  from  the  natural  marsh. 

29.  Zinc  concentrations  in  barnyard  grass  roots  from  the  natural 
marsh  were  higher  than  concentrations  in  other  plant  tissues  from  both 
marshes.  These  included  the  barnyard  grass  stems  and  leaves,  cattail 

stems  and  leaves,  and  the  arrow  arum  seeds.  J 

30.  There  were  concentration  trends  within  plant  species.  These  ! 

trends  were  not  consistent  between  sites  and  none  were  significant  when 

J 

subjected  to  the  routine  parametric  statistics  used  in  this  study.  i 

By  applying  Duncan's  .Multiple  Range  Comparison,  plant  tissues  are  ^ 

divided  into  two  groups  based  upon  their  zinc  concentrations  j 

(Figure  3) . | 

Zinc  concentration,  soil  and 
plant  relationships 

■« 

31.  Kstimates  of  total  zinc  soil  concentrations  were  highest  in 

the  pickerel  weed  - arrow  arum  soil  zone  of  the  natural  marsh,  followed  ' 

by  the  cattail  - beggar  tick  zone  of  the  natural  marsh  and  the  cat- 
tail - beggar  tick  and  pickerel  weed  - arrow  arum  zones  of  the  ex-  ^ 

perimental  marsh,  respectively  (Table  6).  Fstimates  of  total  soils 

zinc  did  not  correlate  with  plant  tissue  zinc  concentrations  (Figure  \ 

2). 

Nickel  in  plant  tissues 

32.  Nickel  was  the  only  metal  studied  with  concentration  | 

differences  between  the  same  type  of  plant  tissue  from  both  marshes.  ^ 

Nickel  concentrations  in  plant  tissues  from  the  experimental  marsh 

were  generally  higher  than  concentrations  in  natural  marsh  plant 
tissues  (Figure  A).  Comparisons  between  nickel  concentrations  in  un- 
washed cattail  stems  and  leaves  indicate  that  concentrations  at  the 
experimental  marsh  were  higher.  These  differences  did  not  persist 
after  the  stem  and  leaf  surfaces  were  cleaned,  indicating  the  possi- 
bility of  surface  contamination  that  was  removed  by  the  washing 
procedure.  As  was  the  case  with  zinc,  barnyard  grass  roots  contained 
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Figure  3.  Differences  In  zinc  concentrations  between  m.-irsh  pl.ant 
tissues.  The  prefixes  N and  1'.  are  used  to  identify  the 
samples  as  natural  or  experimental  m.irsh  tissues,  resjuM 
Tissues  are  listed  from  top  to  bottom,  left  to  right  In 
of  decreasing  mean  zinc  concentration.  Connecting  line: 
Identify  significant  concentration  differences.  Tissue: 
the  same  group  did  not  contain  different  zinc  concentr.ii 
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Mean  Soil  Concentrations  of  Metals  in  the  Pickerel  Weed-Arrow  Arum  and  Cattall-BesRar tic 
Soil  Zones  of  the  Windmill  Point  Experimental  Marsh  and  Ducking  Stool  Point  Natural  Mar 
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Concentrations  are  in  parts  per  million,  dry  weight,  and  represent  the  mean  of  five  values. 
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Figure  4.  Mean  nickel  concentrations  in  plant  tissues  collected  from 
the  Windmill  Point  experimental  marsh  and  a natural  marsh 
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tlic  luKlifSt  com  (.Mil  ral  ion  ol  nickt'l  aiiioii)’  the  plant  t issues  ol  both 

marshes,  lii^lier  tlian  in  all  tissues  exceiit  lor  the  iinwasheil  and  washed 

cattail  stt'iiis  aiul  leavi-s  i-ollectml  I rom  the  expe  r i nnn  t a I marsh.  A 

dillerent  pattern  ol  nickel  uptake  is  siip.j'ested  by  compa  r i sons  .bet  ween 

barnyard  p.rass  tissues  and  cattail  tissues  idlUnted  I mm  the  I'Xperi- 

mental  marsh:  barnyard  )',rass  tissues  lol  lowed  a concen  t t a t i on  pattern 

ol  roots  ■ Itvives;  cattail  tissues  lOl  lowed  a pattetii  ol  leaves 

rtjots.  I'lant  tissues  were  f^ronped  by  their  mean  nicki  I i dm ent  rat  1 on 

in  Kitture  5,  which  was  develotted  (rom  application  ol  liimc.in':,  Multi[>le 

KanKf  Comparison  Lcthnfrpie. 

NJdk  e j '1  t_f at  ion,  soil  an  d 

I'J  J'-'Ji?  t lonsh  ips 

i'J.  Tilt'  [)atterns  ol  tin-  estimated  total  ni(kel  concen  t ra  t i ons  in 
the  natural  and  experimental  marshes  are  similar  to  tli.it  lor  xinc 
(Table  6).  bst  iiiuited  total  nickel  concentrations  were  hip, best  in  the 
pickerel  weed  - arrow  arum  xone  oi  the  natural  marsh  (ol lowed  by  thi' 
cattail  - beppp'ir  tick  zone  of  the  natural  marsh  and  the  cattail  - 
bepp.ar  tick  and  iiickerel  weetl  - arrow  arum  zones  of  the-  experimental 
marsh,  respectively.  The  lack  ol  a positive  correlation  between 
estimated  tt)tal  nickel  soil  concentrations  ami  plant  uptake  is  esi)eclally 
evident  when  the  nickel-soil-plant  tissue  relationship  is  examined.  The 
general  pattern  of  experimental  marsh-plant  tissue  nickel  concmit ra- 
tions is  not  supported  by  any  suggestion  that  the  greater  the  soil 
nickel',  the  greater  the  plant  tissue  concentration.  The  highest 
mean  nickel  value  oc:curred  in  a soil's  zone  supporting  arrow  arum, 
whose  seeds  contained  the  smallest  nickel  concentration  observed  in 
a plant  tissue  during  this  study  (I'igure  4). 

Cadmium  in  plant  tissues 

34.  Cadmium  concentrations  among  various  plant  tissues  at  the 
experimental  and  reference  marsh  were  different  but  there  were  no 
differences  observed  between  the  same  plant  tissues  at  the  two  marshes. 
Consistent  with  zinc  and  nickel  concentration  observations,  the  highest 
cadmium  concentrations  were  observed  in  barnyard  grass  roots,  experi- 
mental and  natural  marsh  mean  cadmium  concentrations  in  barnyard  grass 
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Figure  5.  Differences  In  nickel  concentrations  between  marsh  plant 
tissues.  The  prefixes  N and  E are  used  to  Identify  the 
samples  as  natural  or  experimental  marsh  tissues,  respectively. 
Tissues  are  listed  from  top  to  bottom,  left  to  right  in  order 
of  decreasing  mean  nickel  concentration.  Connecting  lines 
identify  significant  concentration  differences.  Tissues  in 
the  same  group  did  not  contain  different  nickel  concentrations. 
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root  tissiios  were  higher  than  conc:ent  rat  ions  in  all  other  plant  tissues 
with  two  exceptions.  Arrow  arum  seeds  from  the  natural  marsh  and  barn- 
yard grass  seeds  from  the  experimental  marsh  were  not  different  from 
the  barnyard  grass  root  tissue  concentrations.  There  were  no  con- 
sistent concentration  trends  among  plant  tissues  at  either  site  (Figure 
6).  I'lant  tissues  are  grouped  by  their  mean  cadmium  concentration  in 
Figure  7. 

Cadmium  concentration,  soi 1 
and  plant  rel at ionships 

15.  The  pattern  of  estimated  total  cadmium  concentrations  in  the 
soil  of  the  natural  and  experimental  marshes  is  different  from  the 
concentration  patterns  for  zinc  and  nickel.  Cadmium  concentrations 
in  the  pickerel  weed  - arrow  arum  zone  of  both  the  experimental  and 
natural  marshes  and  in  the  cattail  - beggar  tick  zone  of  the  experi- 
mental marsh  are  similar  or  higher  than  the  estimated  total  cadmium 
concentration  in  the  cattail  - beggar  tick  zone  of  the  natural  marsh 
(Table  6).  There  is  no  clear  pattern  of  plant-soil  cadmium  concentra- 
tion relationships.  A correlation  is  frustrated  by  the  greater  con- 
centrations in  the  soils  of  the  experimental  marsh  and  the  lack  of 
any  dominant  cadmium  concentration  trends  in  the  plant  tissues  from 
the  experimental  marsh. 

Chromium  in  plant  tissue 

'36.  Chromium  concentrations  among  various  plant  tissues  at  the 
experimental  and  reference  marsh  were  different  but  there  were  no 
differences  between  the  same  plant  tissues  collected  from  the  two 
marshes.  There  was  no  general  marsh  related  trend  in  chromium  con- 
centrations among  plant  tissues  (Figure  8).  Consistent  differences 
with  barnyard  grass  roots  containing  higher  concentrations  of  chromium 
than  barnyard  grass  stems  and  leaves  occurred  in  samples  from  both  sites. 
Barnyard  grass  roots  from  both  the  experimental  and  natural  marshes 
contained  the  highest  chromium  concentrations  observed  during  the 
study.  Barnyard  grass  samples  from  the  experimental  marsh  were  higher 
in  their  chromium  concentrations  than  all  other  tissues  studied. 

Plant  tissues  were  divided  into  two  groups  based  on  cadmium  concentra- 
tions (Figure  9). 
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Figure  6.  Mean  cadmium  concentrations  in  plant  tissues  collected  from 
the  Windmill  Point  experimental  marsh  and  a natural  marsh 
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Figure  7.  Differences  in  cadmium  concentrations  between  marsh  plant 

tissues.  The  prefixes  N and  E are  used  to  Identify  the  samples 
as  natural  or  experimental  marsh  tissues,  respectively. 

Tissues  are  listed  from  top  to  bottom,  left  to  right,  in 
order  of  decreasing  mean  cadmium  concentration.  Connecting 
lines  Identify  significant  concentration  differences.  Tissues 
in  the  same  group  did  not  contain  different  cadmium  concentrations. 
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Figure  8.  Mean  chromium  concentrations  in  plant  tissues  collected  from 
the  Windmill  Point  experimental  marsh  and  a natural  marsh 
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Pigure  9.  Differences  in  chromium  concentrations  between  marsh  plant 

tissues.  The  prefixes  N and  E are  used  to  Identify  the  samples 
as  natural  or  experimental  marsh  tissues,  respectively. 

Tissues  are  listed  from  top  to  bottom,  left  to  right,  in 
order  of  decreasing  mean  chromium  concentration.  Connecting 
lines  identify  significant  concentration  differences.  Tissues 
in  the  same  group  did  not  contain  different  chromium  concen- 
t rat  ions  . 
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Chromium  concentration,  soil 
and  plant  relationships 

37.  Kstlmates  of  total  chromium  soli  concentrations  suggest  a 
trend  similar  to  that  observed  for  cadmium.  The  trend  In  mean  values 
(Table  6)  Indicates  that  soils  from  the  cattail  - beggar  tick  zone  of 
the  experimental  marsh  contained  higher  chromium  concentrations  than 
exist  in  either  of  the  natural  marsh  soil  zones.  The  soil  chromium 
values  in  the  pickerel  weed  - arrow  arum  zone  of  the  experimental  marsh 
suggest  no  distinct  concentration  differences  when  compared  with  other 
soil  zones  of  either  marsh.  Except  for  the  occurrence  of  the  highest 
chromium  level  In  the  plant  tissue  (barnyard  grass  roots)  collected 
from  the  soil  zone  with  the  highest  chromium  level,  no  correlations 
between  soil  and  plant  tissue  chromium  concentrations  are  suggested. 
Lead  in  plant  tissue 

38.  Lead  concentrations  among  various  plant  tissues  in  the 
experimental  and  reference  marshes  were  different  but  there  were  no 
differences  between  the  same  plant  tissues  collected  from  the  two 
marshes.  The  lead  in  plants  data  (Figure  10)  suggests  the  possibility 
that  plant  tissues  from  the  natural  marsh  contained  more  lead  than 
plant  tissues  from  the  experimental  marsh.  This  difference  exists  at 
an  a level  = 0.13,  whicli  for  consistency  with  the  rest  of  this  study's 
reported  results,  would  be  called  not  different.  The  highest  lead 
concentrations  were  associated  with  barnyard  grass  roots,  but  as  was 
the  case  for  all  other  metals  studied,  there  was  no  difference  for 
this  tissue  between  marshes.  Barnyard  grass  root  samples  from  the 
experimental  marsh  were  higher  in  their  lead  concentrations  than 
washed  cattail  stems  and  leaves  from  the  experimental  marsh  suggest- 
ing a reduction  in  cattail  stem  and  leaf  lead  effected  by  the  tissue 
washing  procedure.  A common  tissue  type-plant  species  concentration 
trend  existed  at  both  marshes  where  barnyard  grass  root  lead  concen- 
tration trend  existed  at  both  marshes  where  barnyard  grass  root  lead 
concentrations  were  higher  than  concentrations  in  the  stems  and  leaves 
and  seeds.  Plant  tissues  were  divided  into  the  two  groups  based  on 
lead  concentrations  (Figure  11). 
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GROUP  I 


GROUP  II 


I 


arrow  arum 
seeds 

cattail  tubers 

barnyard  grass 
seeds 

cattail  stems/leaves, 
unwashed 

cattail  stems/leaves, 
unwashed 

cattail  tubers 

cattail  stems/leaves, 
washed 

barnyard  grass  seeds 

barnyard  grass  stems/leaves, 
unwashed 

cattail  stems/leaves, 
washed 

barnyard  grass  stems/leaves , 
washed 

barnyard  grass  stems/leaves , 
washed 

barnyard  grass  stems/leaves , 
unwashed 

arrow  arum  seeds 


Figure  11.  Differences  in  lead  concentrations  between  marsh  plant 
tissues.  The  prefixes  N and  K arc-  used  to  Identify  the 
samples  as  natural  or  experimental  marsh  tissues,  respectively. 
Tissues  are  listed  from  top  to  bottom,  left  to  right,  in 
order  of  decreasing  mean  lead  concentration.  Connecting 
lines  identify  significant  concentration  differences. 

Tissues  in  the  same  group  did  not  contain  different  lead 
concen  t rat  ions . 
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Lc-ad  concentration,  soil 
and  plant  relationships 

39.  Kstimates  of  total  lead  soil  coruent  rat  ions  sugf'fst  that 
fxperlmt-ntal  marsii  soil  lead  concentrations  were  higiier  than  natural 
marsh  soil  lead  concentrations  (Table  6).  head  concentrations  in  soils 
did  not  correlate  with  lead  cont;entrat ions  in  plant  tissues.  Mean 
plant  tissue  lead  concentrations  ranged  from  1.3  to  9.32  ppm  (Figure 
lOl . At  the  experimental  marsh,  barnyard  grass  roots  contained  b.A 
and  arrow  arum  seeds  contained  1.3  ppm  lead.  Soil  lead  concentrations 
within  the  zones  supporting  these  tissues  had  mean  values  equal  to 
65.48  and  61.40  ppm,  respectively  (Table  6). 

Chlorinated  Hydrocarbons 

40.  Studies  of  the  behavior  of  chlorinated  hydrocarbon  compounds 

in  natural  systems  are  hampered  by  the  variable  and  poorly  understood 

concentration  distributions  of  these  compounds.  The  low  frequency 

occurrence  of  detectable  concentrations  of  most  of  the  chlorinated 

hydrocarbon  compounds  in  samples  of  marsh  soils  and  vascular  plant 

tissues  collected  during  this  study  precluded  the  use  of  a rigorous 

statistical  data  analysis.  With  notable  exceptions,  the  results  of 

this  portion  of  the  study  are  presented  descriptively  and  do  not 

pretend  any  probability  significance. 

Chlorinated  hydrocarbon  compounds 
in  marsh  soils 

41.  Of  the  15  chlorinated  hydrocarbon  compounds  investigated 
by  thi.s  study  (aldrin,  dleldrln,  endrin,  chlordane  (both  a and  y 
isomers),  heptachlor,  heptachlor  epoxide,  DDT,  DDD,  DDE,  Kelthane, 
lindane,  methoxychlor , Kepone,  and  Arochlor  1260  (FCB)),7  were  present 
in  soils  samples  collected  from  any  one  of  the  three  study  marshes 
with  a frequency  of  occurrence  great  enough  to  allow  some  estimate 

of  variation.  An  estimate  of  variation  was  based  on  the  occurrence 
of  detectable  concentrations  of  a compound  in  at  least  two  of  the  five 

47 


tm  . ^ 


sol]  samples  collected  from  any  sol]  zone  of  any  study  marsli.  Mention 
Is  afforded  tfiose  compounds  t]iat  did  not  satisfy  tlie  frequency  occurrence 
I criteria.  DDT  and  lieptaclilor  eacli  occurred  in  one  sol]  sample  collected 

during  this  study.  DDT  was  collected  in  one  sample  from  tlie  Windmill 
i Point  experimental  marsh;  heptachlor  was  collected  in  one  sample  from 

the  natural  marsh  located  on  Tu.-key  Island.  Table  7 identified  the 
soils  concentrations  of  singularly  occurring  compounds. 

A2 . Of  the  15  compounds  studied,  7 were  present  in  at  least  two 

out  of  five  soil  samples  collected  from  a soil  zone  of  at  least  one 

study  marsh.  These  are  identified  in  Table  8 with  information  on 

their  location  and  frequency  of  detection. 

Chlorinated  hydrocarbon  compounds 
in  marsh  plant  tissues 

43.  The  same  frequency  occurrence  criteria  applied  to  soils 
was  applied  to  plant  tissues  to  identify  the  variability  of  detect- 
able chlorinated  hydrocarbon  concentrations  (Table  9).  Mention  is 

I afffirded  those  compounds  that  were  detected  in  only  one  of  five  plant 

I tissues  or  tissue  treatment  samples  collected  from  any  marsh  zone. 

DDD,  heptachlor,  and  lindane  occurred  in  single  plant  tissues  from  the 
j 

' Windmill  Point  experimental  marsh;  heptachlor  and  heptachlor  epoxide 

occurred  in  single  plant  tissue  samples  from  the  natural  marsh  at 
Ducking  Stool  Point;  DDD  and  dieldrin  occurred  In  single  plant  tissue 
samples  collected  from  the  natural  marsh  located  on  Turkey  Island. 

Table  10  identifies  the  plant  tissue  concentrations  of  singularly 
occurring  compounds. 

44.  A comparison  of  the  chlorinated  hydrocarbon  compounds  detected 
in  soils  and  plant  tissue  samples  from  either  the  singular  occurrence 

' or  multiple  occurrence  categories  identified  three  compounds  detected 

in  a plant  tissue  sample  that  were  not  detected  in  any  soil  samples. 

I'hese  were  lindane  and  heptachlor  at  the  Windmill  Point  experimental 
tiuirsh,  heptachlor  and  heptachlor  epoxide  at  the  natural  Ducking  Stool 
Point  natural  marsh,  and  dieldrin  and  heptachlor  at  the  natural  marsh 
on  'lurkey  Island.  Figures  12  through  16  present  chlorinated  hydro- 
carbon concentration  distributions  and  variations  In  jilant  tissues  by 
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Table  9 

Frequency  of  Uetectable  Concentrations  of  Chlorinated  Hydrocarbon 
Compounds  In  Plant  Tissues  Collected  from  the  Windmill  Point 
Experimental  Marsh  and  Two  Natural  Marshes 


Plant  Tissue  Arochlor 


Area 

Code* 

DDE 

Chlordane 

Kel thane 

Kepone 

1260 

Windmill  Point 

0 

3 

4 

0 

experimental 

0 

2 

4 

0 

marsh 

0 

1 

0 

0 

Ducking  Stool 

E - 1** 

6 

1 

0 

6 

3 

Point  nat- 

T  - It 

2 

0 

0 

4 

2 

ural  marsh 

P - 2tt 

1 

0 

0 

0 

0 

Turkey  Island 

E - 1** 

2 

2 

0 

2 

0 

natural 

T - It 

1 

0 

0 

1 

0 

marsh 

P - 2tt 

0 

0 

0 

0 

0 

i 

( 


! 


* Plant  tissue  codes  refer  to  plant  species  (letter)  and  marsh  soil 
zone  (number).  E - Echinochloa  spp  (barnyard  grass),  T - Typha  spp 
(cattail),  P - Peltandra  virginica  (arrow  arum).  For  Information  on 
particular  plant  tissue  concentrations,  see  Table  10. 

**  Out  of  a possible  20  samples;  considering  barnyard  grass,  roots, 
seeds,  unwashed  and  washed  stem/leaf  tissues. 

Out  of  a possible  15  samples:  considering  tubers,  washed  and  un- 
washed stem/leaf  tissues. 

''  Out  of  a possible  5 samples:  considering  seed  tissue  only. 
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Tabic  10  (Conduced) 
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CONC.  IN  PARTS  PER  BILLION 

SOILS  ARE  ORY  WT.  PLANT  TISSUES  ARE  NET  NT 

Figure  12.  DDE  concentrations  In  marsh  soils  and  plant  tissues  col- 
lected from  the  Windmill  Point  experimental  marsh  and  two 
natural  marshes 
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CONC,  IN  PARTS  Pf  R BILLION 

SOILS  ARE  DRY  WT, PLANT  TISSUES  ARE  WET  WT 


Figure  I"),  n chlordane  concentrations  in  marsh  soils  and  plant  tissues 
collected  from  the  Windmill  Point  experimental  marsh  and  tlie 
two  reference  marshes 
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CONC,  IN  f’ARlS  RE  R Bll  I ION 
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Kiv.iirt*  14.  Kel  thane  coneent  rat  ions  In  marsh  soils  and  plant  tissues 
collected  from  the  Windmill  Point  experimental  marsh  and 
the  two  reference  marshes 
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CONC  IN  F’ARTS  PFR  BILLION 
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Kepone  concentrations  in  marsh  soils  and  plant  tissues  col- 
lected from  the  Windmill  Point  experimental  marsh  and  the 
two  reference  marshes 
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Kij'urt*  If).  Arochlor  1260  (PCB)  concentrations  in  marsh  soils  and  plant 
tissues  collectec]  from  the  Windmill  Point'  experimental  marsh 
and  the  two  reference  marshes 


compound  and  area.  Soil  zone  concentrations  are  presented  for  the  soil 
zone  in  which  the  plant  tissue  demonstrating  detectable  uptake  occurred. 
If  a plant  species  contained  a compound  not  detected  in  its  own  soil 
zone,  but  in  another  soil  zone  of  the  same  marsh,  data  for  the  other 
soil  zone  is  presented  in  the  figures.  For  example,  a chlordane 
exhibited  a significant  frequency  occurrence  in  barnyard  grass  roots 
collected  from  the  Turkey  Island  natural  marsh;  the  only  Turkey  Island 
soil  zone  containing  a chlordane  was  the  mudflat  zone.  The  u chlordane 
concentration  of  soil  samples  from  other  mudflat  zones  is  therefore 
presented  in  Figure  13. 

Summary  of  results  by  compound 

45.  DDT . DDT  was  detected  in  only  one  soils  sample  collected 
from  the  Windmill  Point  experimental  marsh.  DDT  was  not  detected  in 
any  plant  tissue. 

46.  DDD . More  soils  samples  collected  from  the  Windmill  Point 
experimental  marsh  contained  detectable  DDD  concentrations  than  from 
either  of  the  two  natural  marshes.  Soil  concentrations  of  DDD  were 
not  different  between  the  three  marshes.  DDD  occurred  in  one  cattail 
tuber  tissue  sample  from  the  Windmill  Point  experimental  marsh  and  one 
cattail  tuber  tissue  sample  from  the  natural  marsh  at  Turkey  Island. 

47.  DDE . All  soils  samples  from  all  marshes  contained  detect- 
able DDE  concentrations.  The  amount  of  data  on  DDE  concentrations 
permitted  a statistical  analysis  that  suggested  there  were  no  DDE 
concentration  differences  between  the  three  marshes.  There  were 
differences  between  soil  zones  but  zone  concentration  trends  were 
not  consistent  between  marshes.  Soil  zone  concentration  trends  are 
given  in  the  following: 

£.  Windmill  Point  experimental  marsh: 

low  marsh  = high  marsh  = mudflat 
Ducking  Stool  Point  natural  marsh: 
high  marsh  > low  marsh  = mudflat 
£.  Turkey  Island  natural  marsh: 

mudflat  > high  marsh  = low  marsh 
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^*8.  [)1jK  concen  t raL  i ons  In  soils  and  plant  tissues  at  the 

three  marshes  are  p.'iven  in  Figure  12.  At  the  Windmill  r’oint  experimental 
marsh,  DDK  was  [jresent  in  seeds  from  both  marsh  zones,  and  in  wasiied, 
unwashed  stem  and  Ic-af  tissues  and  root  tissues  from  tlie  higii  marsh 
zone.  At  the  Ducking  Stcjol  I’oint  marsh,  iJDK  was  detected  in  seeds, 
unwashed  stem  and  leaf  root  tissue  from  the  high  marsti  zone.  Only 
barnyard  grass  roots  from  tiie  hlgli  marsh  on  Turkey  Island  contained 
detectable  DDK  concentrations.  The  tissue  washing  procedure  removed 
DDK  from  stem  and  leaf  tissues  from  both  the  Windmill  I'oint  experi- 
mental marsh  and  the  Ducking  Stool  I'oint  natural  marsh. 

49.  'I  chlordane.  a chlordane  was  detected  most  freriuently  in 
soils  from  the  Windmill  I'oint  experimental  marsh,  the  frequency  of 
occurrence  in  soils  from  the  three  marshes  being:  Windmill  I'oint  • 
Ducking  Stool  I'oint  = Turkey  Island.  Soil  u chlordane  concentration 
differences  between  marshes  could  not  be  reliably  compared  because  of 
the  low  number  of  detectable  concentrations  at  both  natural  marshes. 

There  were  soil  zone  concentration  differences  at  Windmill  I’oint 
experimental  marsh  with  the  low  marsh-pickerel  weed  - arrow  arum  soil 
zone  containing  higher  a chlordane  concentrations  than  either  the  high 
marsh  or  mudflat  soil  zones.  a chlordane  was  not  detected  in  any  plant 
tissue  samples  collected  at  the  Windmill  I’oint  experimental  marsh, 

but  did  occur  in  one  barnyard  grass  seed  sample  from  the  Ducking 
Stool  I'oint  marsh  and  in  two  barnyard  grass  root  tissue  samples  from 
the  Turkey  Island  marsh  (Figure  13). 

50.  y chlordane . y chlordane  exhibited  a trend  in  soils  very 
much  like  a chlordane.  Based  on  the  frequency  of  detectable  y 
chlordane  concentrations,  the  soils  of  the  Windmill  Point  experi- 
mental marsh  contained  more  ol  tuis  compound  than  either  of  the 
natural  marshe.s.  No  statement  could  be  made  about  soil  y chlordane 
concentration  differences  between  the  three  marshes  because  the  relative 
differences  in  concentration  information  prevented  a fair  comparison. 

An  analysis  of  variance  of  the  soil  y chlordane  concentration  data 
from  the  Windmill  Point  experimental  marsh  suggested  there  were  no 
soil  zone  differences  (this  contrasts  with  the  a chlordane  results). 
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y chlordane  was  detected  In  only  one  plant  tissue  sample,  arrow  arum 
seeds  from  the  Ducking  Stool  Point  marsh. 

51.  Dleldrln . Dieldrln  was  not  detected  In  any  marsh  soils 
but  was  found  In  one  barnyard  grass  root  tissue  sample  from  the 
Turkey  Island  natural  marsh. 

52.  Heptachlor . Heptachlor  was  detected  In  one  soils  sample 
collected  from  the  high  marsh,  cattail  - beggar  tick  zone  on  Turkey 
Island.  The  frequency  occurrence  of  detectable  plant  tissue 
heptachlor  concentrations  was  very  low  at  both  tlie  Windmill  Point 
experimental  marsh  and  the  Ducking  Stool  Point  natural  marsh. 

Heptachlor  occurred  in  single  samples  of  four  and  five  plant  tissue 
or  plant  tissue  treatments  at  the  Windmill  Point  and  Ducking  Stool 
Point  marshes,  respectively.  No  plant  tissues  collected  from  the 
Turkey  Island  marsh  contained  any  detectable  heptachlor  concentrations. 

53.  Heptachlor  epoxide.  Heptachlor  epoxide  was  not  detected  In 
any  marsh  soils.  One  barnyard  grass  seed  tissue  sample  and  one  un- 
washed stem  and  leaf  tissue  sample  collected  from  the  Ducking  Stool 
Point  natural  marsh  contained  detectable  heptachlor  epoxide. 

54.  Kel thane . Soil  Kelthane  concentrations  were  most  often 

detected  in  samples  collected  from  the  Turkey  Island  natural  and 
Windmill  Point  experimental  marshes.  Kelthane  was  least  often 
detected  in  Ducking  Stool  Point  marsh  soils.  Based  on  sparse  soil 
concentration  data,  it  appeared  that  Kelthane  concentrations  In  the 
high  marsh  soils  of  Turkey  Island  could  be  higher  than  those  from 
the  Windmill  Point  experimental  marsh.  Kelthane  was  detected  only 
In  plant  tissues  from  the  Windmill  Point  marsh.  In  most  cases  in  a 
single  tissue  sample.  The  exception  was  its  occurrence  in  two  unwashed 
barnyard  grass  stem  and  leaf  samples  (Figure  14).  Kelthane  con- 

centration trends  among  the  Windmill  Point  plants  were  observed. 

55.  Kepone . Kepone  was  detected  in  all  soil  samples  from  the 
three  marshes.  A statistical  analysis  of  the  soils  Kepone  concentra- 
tion data  indicated  that,  in  general,  the  Windmill  Point  experimental 
marsh  soils  contained  higher  Kepone  concentrations  than  the  soils 
from  the  Ducking  Stool  Point  natural  marsh.  Ducking  Stool  Point 
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marsh  soils  contained  lusher  Kepone  concentrations  th.ui  soils 
collected  1 rom  the  natural  marsh  at  Turkey  Island.  There  wert' 
dill'erences  in  concentrations  between  soil  zones  but  tliere  was  no 
uniform  trend  among  tlte  marslies.  Soil  zone  ct)ncent  rat  ion  trends  are 
given  in  the  following: 

a.  Windmill  Point  experimental  marsh: 

mudflat  > low  marsh  = high  marsh 
l^.  Ducking  Stool  I'oii.t  natural  marsh: 

high  marsh  = mudflat  > low  marsh 
Turkey  Island  natural  marsh: 

mudflat  = high  marsh  ■ low  marsh 

WTiat  this  study  defines  as  significant  numbers  of  plant  tissiu'  samples 
containing  Kepone  were  collected  only  from  the  Windmill  Point  experi- 
mental marsh  and  Ducking  Stool  Point  natural  m.arsh.  At  both  marshes, 
Kepone  was  detected  in  barnyard  grass  roots  and  cattail  tubers  (Kig.ure 
15).  There  were  adequate  numbers  of  samples  of  both  tissue  types 
from  both  marshes  to  allow  a two-tailed  t-test  of  the  concentration 
data  which  showed  that  there  was  no  liifference  among  the  tissues  at 
either  marsh  or  between  the  tissue  from  the  two  marshes. 

56.  Arochlor  1260.  More  Windmill  Point  experimental  marsh  soil 
samples  contained  detectable  Arochlor  1260  (PCB)  than  soil  samples 
from  the  two  natur.al  marshes.  Statistical  analysis  of  the  Windmill 
Point  soils  data  suggested  no  concentration  differences  among  the 
Windmill  Point  soil  zones.  A comparison  between  the  mudflat  PCB 
concentration  data  from  the  three  sites  showed  no  differences  within 
this  zone  between  the  three  marshes.  Only  plant  tissues  from  the 
Ducking  Stool  Point  marsh  contained  detectable  PCB  concentrations. 

The  small  number  of  these  samples  permit  questionable  inter-tissue 
comparisons.  Arochlor  1260  was  detected  in  the  root  and  unwashed 
stem  and  leaf  tissues  from  the  Ducking  Stool  Point  marsh  (Figure  16). 
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PART  IV:  DISCUSSION 


Metals 

> 57.  A decade  of  agricultural  research  has  been  concerned  with 

the  uptake  of  metals  and  their  effects  on  the  growth  and  reproduction 
of  crop  plants.  More  recently,  since  1973  there  have  been  many  studies 
concerned  with  the  effects  of  land  application  of  municipal  wastes, 
primarily  sewage  sludges.  These  studies  have  emphasized  the  effects 
of  land  waste-application  on  plant  growth  and  reproduction  and  on  the 
potential  veterinary  and  public  health  hazards  of  metals  accumulation 
in  edible  plant  tissues. 

58.  Because  marsh  vascular  plants  are  not  considered  agricultur- 
al crops  and  because  marshes  have  not  been  candidates  for  sewage  sludge 
; disposal,  studies  have  in  most  all  cases  not  included  them.  But  tliere 

^ are  soll-plant-metal  specific  relationships  that  have  emerged  from 

} these  studies  that  are  applicable  to  assessing  the  transfer  of  metals 

I j from  marsh  soils  to  marsh  plants. 

I Bioava ilabil ity 

I ~ 

‘ 59.  The  chemical  state  of  a metal  is  crucial  if  it  is  to  be 

incorporated  by  one  organism  and  passed  to  another  in  a food  web. 

The  solubility  and  reactivity  of  trace  metal  complexes,  whether  tliey 
are  around  a plant  root  or  in  a food  residue  of  an  animal's  digestive 
j tract,  are  among  the  fundamental  determinants  of  the  distribution  and 

I late  of  trace  metal  ions  in  plants  and  animals  (Tiffin  1977).  The 

bioavailability  of  a metal  is  related  to  its  potential  for  solubility 
I ’ in  a soil-water  system  coupled  with  characteristics  oi  plant  species 

* exposed  to  tlu-  soluble  metal  forms.  .lenne  and  huoma  (197b)  suggested 

' that  the  biological  Importance  of  solid  forms  of  trace  elements  may 

be  principally  due  to  their  regulation  of  e(|uilibrium  solute  con- 
centrations in  the  associated  waters  via  sorption,  desorption,  and 

I 

d issol ut ion-prec 1 (il ta t ion  reactions.  These  authors  also  stated  that 
, organic  complexation  of  trace  elements  may  enhance  their  availability 

to  biota.  Increaseil  trai-i-  eli’ment  uptaki-  tlirougli  complexation  may 
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i i'sii  I I 1 roil) : 


(.))  .1  (li'i  ic.'isc  in  tlio  r.Ho  .Mill  oxtiMit  nl  t r.iif  i lonionl 


sor|itii>n  liy  sinl  i ini'iit  , (li)  no  I ub  i I i /.,i  t i on  ol  solid  loriiis  ol  t rnro 

ili'imnts  in  .soil  .mil  soil  i iiion  t : . , (i  ) .1  v.ilonco  reduction  or  si  .di  i I i x.i- 

t ion  ot  the-  rcdncid  v.ilincc  st.itc  or  vise  vers.i,  .ind  (d)  ronii.ilion 

ol  pliys  i o 1 o)’,  i c.i  I 1 y .ictive  coniiilexes. 

B i o.'i  va  i 1 .lb  i I i I V ol  ini'Uils  I roni 
sed  imt'iU  -w.i  I e I _sj.'s^enis 

(>().  Ibi'  laik  ol  CO  r 1 1- 1 . 1 1 i on  belweeii  I be  es  I i iiia  I ed  lol.il  niel.ils 
conceii  I 1 .1 1 i on;,  in  Ibi'  soils  .and  in.irsb  vasinl.ir  plant  tissues  I roiii  t bi‘ 
Windmill  I’oint  expe  r i iiiiai  t a I niaisli  .ind  the  n.itiir.al  ni.irsli  is  ((insistent 
with  I lie  experience  ol  ap,  r i cu  1 t n i .1 1 si  ieni  ists  and  t liose  lew  wbo  bave 
.allempteil  to  predicl  niet.il  concent  1 a I i oils  in  inarsli  vascular  plants 
based  on  total  metals  conceii  I r.i  t i on;. . (bemical  i-x  t rac  I an  L s bave  bi-en 
used  to  e.'.timate  the  availability  ol  I race  elements  to  ap.r  i cn  1 t nr.a  I 
crops  (.leiiiie  .and  l.nom.a  ld77)  .and  marsb  vascular  plants  (Lee  et  .1 1 . 

1‘I78)  by  removinp,  a labile  I rail  ion  ol  the  element  I rom  the  soil. 

Ibi'  procedure  is  b.ased  on  the  natural  pa  r t i t i on  i up,  ol  mi'tals  amonp, 
v.arious  Ir.aitions  ol  a soil-w.ater  solution  and  t be  l.acl  tb.at  cert.ain 
111  these  Ir.actions  represent  reservoirs  ol  metals  mori'  or  less  c.ap.able 
ol  beinp,  solubilized  and  thereby  made  .available  lor  plant  uptake. 

.Metals  in  solution  within  the  soi  1 /sed  imeiil  i n t ers  t i t i .1 1 w.ater  .and 
excbangisib  li-  met.al  c.atepory  .ire  ex.ampli-s  ol  readily  .avail.able  materials. 
Metals  bound  within  the  crystalline  lattice  of  primary  minerals  are 
essentially  unava  i 1 .ab  1 e . Between  these  two  extremes,  there  may  be 
quantities  of  metals  associated  in  the  Iractions  capable  ol  rele.isinp, 
metals  into  solution  ;is  a result  ol  chemic.al  t r.ansf  orm;it  ion  in  the 
sediment  w.ater  system  (dambrell  et  .al.  1977).  A discussion  of  the 
plan t -met.!  1 s I'xamined  in  this  study  .and  ol  tin-  m.arsh  soil-water  con- 
ditions, in  1 ip,ht  ol  what  is  known  about  the  hi  o.ava  i 1 .ab  i 1 i ty  of  these 
me  tills,  follows. 

N ic  ke  1 

f)  I . Nickel  is  the  outstanding  exce|)tion  in  this  study  a.s  the 
only  metal  associated  with  the  Windmill  Point  experimental  marsh  in 
hiplier  concent  Tilt  ions  than  existed  in  the  n;itural  marsb.  Nickel  is 
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t oiind  in  c'lll  soils,  plants,  and  w.aters.  I'lif  total  nickel  loiitcnt  in 
soils  Is  commonly  In  the  range  of  10  to  100  ppm  (Coiiiu- i 1 ior  Agricultur- 
al Science  and  Technology  1976).  Thi-  soil  nickel  conciuit  rat  ions  at  t he 
experimental  and  natural  marshes  were  .ihoiit  16  and  2')  ppm,  resjiecl  i ve  I y 
(Table  6).  Kxtractable  (labile)  nickel  seemed  tt)  be  govi'rned  by  tlie 
surfaces  of  iron  and  manganese  liydroxides  and  oxides  tliat  act  as  a 
"sink"  for  nickel  as  well  as  by  organic  chelates,  wliich  comijlex  weakly 
with  nickel  ((-'ouncil  for  Agricultural  Science  and  Technology  1976). 

Based  on  a study  by  Nivens  (1978)  as  cited  by  Adams  et  al.  (19/8), 
who  characterized  metals  in  sediment  samples  collected  from  the 
experimental  and  natural  marshes  according  to  their  various  iheiiiical 
fractions,  the  experimental  marsh  sediments  contained  more  nickel  in 
the  easily  reducible  phase  than  the  natural  marsh  sedlruents.  The 
concentrations  of  nickel  in  the  easily  reducible  i)h.isi‘  (hydrous  mang.a- 
nese  hydroxides  and  oxides)  In  the  sediments  from  the  exper  i miuit  .i  I and 

. reference  marshes  were  4.22  and  1.07  ppm,  respectively.  .Sediments  in 

I 

( the  reference  marsh  were  generally  less  oxidized  than  setliments  in  the 

I experimental  marsh.  The  redox  potential  of  the  higli  marsh  surface* 

I sediments  at  the  experimental  and  natural  marshes  were  measured  at  +274 

mV  and  +192  mV,  resfiei  t ively.  Toxicity  of  nickel  to  plants  lias  licen 
observed  only  on  acid  soils  (Oouncil  for  Agricultural  Science  and 
Technology  1976).  Soil  treatments  such  as  liming  reduce  the  solubility 
of  nickel  and  its  toxicity.  Conditions  of  pll  at  the  experimental  site 
are  not  believed  responsible  for  the  observed  nickel  concent  rat i ons  in 
plant  tissue  differences.  F.xper imenta  1 marsh  soil  pll  values  were  liig.lur 
than  pll  values  in  the  marshes  at  the  natural  marsh.  i'.x pc* r imenta  1 marsh 
pll  values  averaged  6.41  ' .47  with  values  usually  around  O.S  units 
higher  than  natural  marsh  sediments  (Adams  t*t  al.  1978).  Nickel  lias  no 
known  essential  function  in  plants.  It  is  toxic  to  plants  in  concc*n- 
tratlons  above  50  ppm  in  plant  tissues  (Council  for  Agricultural  Science 
and  Technology  1976).  Mean  concentrations  ranged  from  0.7  to  (>.6  jipm  in 
the  various  plant  tissue's  analyzed  during  this  study. 

62.  The  occurrence  of  higher  nickc*l  concentrations  in  unwashed 
cattail  stems  and  leaves  from  the  ex|H*r imenta 1 marsh,  compared  with 
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till-  iilciiiHc  ,iii<l  llii'  ri'dtu' I i oil  in  llioso  d i I I ori'ni'os  alter 


wanliin^',  the  slt'iiis  and  leaves  su}’,)',i‘,sl  s I lie  possibility  ol  niekel 
liani-.Ui  to  I liese  ti.ssui's  I roni  till'  water.  'riieri'  is  no  way  to  positively 
vei  ily  tills  poss  i 1)  i I i t y I roin  this  study's  olise  r va  t i ons  , lint  t lie  i iiiporlanei' 

ol  eons  i de  r i 11)',  both  water  and  sediments  as  sources  ol  metals  to  plants 

is  discussed  by  Mayes  et  al.  (197/),  who  expi-r  imeiita  1 I y manipu- 
lated a tootl'd  aipiatie  vasiular  plant  (H'ddca  CttUdtit'tti  ( i ) amoii)', 
dilleieiit  sulistiati'  and  water  lisid  and  cadmium  concentration  combina- 
t ions  and  demonstrated  the  importance  ol  liotb  uptake  routes. 

/.  i IK 

bi.  Zinc  occurred  in  soils  I torn  tlie  experimental  and  natural 
maisiies  in  total  mean  concentrations  I rom  about  80  to  150  ppm, 

; 1 espec t i ve  I y . Ibis  compares  with  a total  mean  zinc  concentration  ol 

1 ')9  p|)m  in  sediments  col  lei  ted  I rom  2 5 iiiarslies  alon>’,  tlie  Soutli  Atlantic 

I coast  ol  till'  United  States  (Windoiii  197b).  Windoiii  described  tills  mean 

1 

j South  Atlantic  concentration  as  representative  ol  wliat  metals  levels 

I in  unpolluted  sediments  in  the  coastal  littoral  salt  marsh  environment 

j should  lie.  Zinc  is  an  essential  component  ol  enzyme  systems  ol  both 

plants  and  animals.  I'lie  most  important  meclianisms  lor  zinc  retetUion 
in  soils  are  (lay  and  hydrous  iron  oxide  surlaces  and  chelation  by 
off'attic  matter.  Zinc  is  taki'ii  up  by  plants  as  Zn^^,  which  occurs  in 
solut  ions  under  acid  conditions.  In  I'xcessive  ipiantities  it  can  lie 
toxic  to  plants.  Wlien  zinc  toxicity  does  oc'  ",  tissues  ol  most 
crops  studied  contain  zinc  at  concentrations  of  several  hundred  ppm 
(Council  lor  Agricultural  Science  and  'l'echnolop,y  197b).  Mean  zinc 

) 

concentrations  in  pi, nit  tissues  analyzi'd  during  tills  study  ranged  from 
25  ppm  lor  cattail  stems  .and  leaves  .at  the  experimental  marsh  to  10b 
ppm  in  b.arny.ard  grass  roots  at  the  natural  marsh. 

bA.  .Studies  by  Cambrel  1 et  a 1 . (1977)  with  sediments  containing 
zinc  concentrations  from  100  to  200  pi)m  Indicated  that  pH  and  bh 
strongly  ini luence  the  soluble  and  excliangeable  zinc  fractions, 
exchangeable  zinc  concentr.at  ions  generally  exceed  soluble  concentra- 
I ions  were  .ObO  and  7.5b  ppm.  Soluble  and  exchangeable  zinc  fractions 
at  tlie  natural  marsh  were  0.067  and  8.56  ppm  (Adams  et  al.  1978).  The 
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s.'iriif  study  i iid  i r.i  t I's  tli.il  /.iiic  loiufii  I ra  I i ons  in  t lu’  easily  redin  i I)  1 1' 
Iraetion  lains  i st  i 14',  <>t  luaiif.aiu’se  oxides  and  liydroxldes  were  2'> . \ and 
!').()  |)|)in,  and  orc.anie  Iraetion  /.ine  eoneen  t 1 a I i ons  were  11^.0  and  I ''1  . I 
ppm  in  the  experimental  and  leleieiiei’  maislies.  Concent  r.il  ions  ol  ot)',ani<' 
matiTial  weri'  liiplic-l  in  I lu‘  reli'fenee  matsli  (about  IH  per<-ent  ) t lian  the 
expe  r imi-n  t a I marsli  (aliont  10  percent)  and  pll  values  were  lowin  (by 
al)ont  0.')  nn  i I s ) in  the  releriaice  marsb.  Tbe  cba  ract  et  i za  I ion  ol  the 
soil  I'onditions  at  t lu'  two  marshes  to)', ether  with  ibi'  plant  tissue  zinc 
conci'ii  I ra  t i on  lasnlls  <ombines  to  produce  a compli-x  si't  ol  potent  iai 
i n te  rai' t ions  I'l  lectin)’  zinc  solubility  and  availability  lot  plant  uptake. 
It  is  su)’,)',es t ed  that  the  hi)', bet  conceiitrat  ions  ol  total  zinc  and  lower 
pll  values  ol  soils  at  tbe  natural  m.irsb,  which  lo)',ellier  mi)'.bl  enhance 
! potential  lot  zinc  soil  to  plant  tr.insler,  were  mitij'.ated  by  tbe  hi)’, her 

' cotu  fit  t ra  t i on  ol  of)’, attic  material  bintliii)’.  zinc  to  /i  solid,  less  available 

j phase.  The  apparently  b i )’,b  zinc  cottcen  I 1 a t i ons  in  the  roots  of  baiii- 

! y.trti  )',rass  relat  ive  to  concent  rat  ions  in  tbe  otlier  jilant  I isauies  is 

su)’,)’ef;  t ed  to  Ite  at  le.ist  in  part  .sutl.ice  con  I am  i n.i  t i on  by  adbeti'iit  soil 
part  icIi'S.  Tbe  I Ine  roots  ol  bartiyatti  )’,t.is!:  m.ide  them  more  dill  i cu  1 t 
to  ( lean  than  tbe  coarser  lortii  ol  c.iltail  tubers.  There  is  less  ol  a 

su)’)’,est  i on  ol  zinc  Itansler  to  plant  t issui's  I tom  watet  t bati  occurred 

with  nickel.  'There  was  no  .apparent  ellect  I roitj  w.itdiinp,.  The  zinc 
tissue  cottcen  t r,i  t i otts  sup.p.est  mote  ol  .itt  iitletttal  upt.iki'  or  stdtsir.ale 
traitsler  mode  b.tsed  oit  rel.it  ive  tissue  concett  t r.i  t i on  t teitils  ol  rel.it  ively 
lii)',b  v.ilnes  lor  .ill  b.irny.ird  )',t.iss  roots  .and  c.att.ail  tniter  tissues,  b.ant- 
y.ard  )’,r.ass  .and  .arrow  .arum  seeds  .and  lower  v.ilnes  itt  c.itt.ail  stems  .and 
le.aves  (T'i)',nri'  2).  'These  su)',)',est  ed  iipt  .ake  modes  .are  specul.at  ive  on  tbe 
part  ol  tbe  .author,  b.ased  upon  tis.sue  zinc  concett  t r.i  t i ons  tb.at  wet  i'  not 
dillerettt  I rom  e.acli  other  .at  <i  - O.O't. 

/ i tt c tox  i (■  i ty  ity  i n^.est  mtt 

b").  A wide  m.arp.itt  ol  s.iTety  exittls  between  noim.il  diet.ary  itit.akes 
ol  zinc  and  the  lii)',lier  int.ake  lli.at  m.ay  produce  toxicity  itt  birds  .attd 
i m.aimii.als  (Council  tor  A>>r  1 1 11 1 1 n r.i  I Scieitce  attd  'Tecbtto  I o)',y  197b).  I’i)’,s 

showed  tto  ill  eileci  wliett  they  received  zinc  sull.ate  and  ziitc  c.irbon.ate 
itt  tpiatttities  to  supjtly  zittc  cottceit  t r.i  I i otts  ol  lOOO  ppm  itt  their  diet. 
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(.'lirdiniuni 

(>(>.  lii)likc  Dickil  ami  zinc,  wliiili  arc  iih  i (|ii  i Lous  in  plants, 
water,  and  soils,  (hroniinin  is  not  rc.id  I I y availalilc  to  plants  from 
soils.  (diroiiiiuni  in  so  I h;  is  not  readily  extracted  by  ionic  ex<banp.e 
leaebinp,  solutions  or  chelating  agents,  but  is  extracted  liy  strong, 
aiicb,  indicating,  its  association  witli  less  bioavailable  soils  Iractions. 
lilt  orniat  ion  in  t lie  literature  presenting  concern  wilii  ciiromiuiii  toxicity 
relers  to  the  baxavalent  chromium  lorm,  wbicli  is  soluble  and  toxic  to 
lilants  but  which  is  ri-duced  to  tlie  less  soluble'  tri  valent  lorm  undi'r 
the  reduced  soil  conditions  characteristic  of  marshes.  {Ihromium  is 
unessential  to  plant  growth  and  rejiorts  of  its  recjuirement  by  humans 
or  animals  are  contradictory.  McKee  and  Wolf  (1971)  state  th;U  there 

is  no  evidence  that  chromium  salts  are  essential  or  beneficial  to  human 

t 

nutriticjii.  The  (,'ounc  i I for  y\gricu  I tural  .Scic'nce  and  Technology  (1976) 
j states  that  chromium  is  rerpiired  in  the  diets  of  animals  and  humans. 

! 67.  There  were  no  cit'ar  patterns  in  chromium  distribution  among 

I plant  tissues  examined  in  this  study.  Concentrations  in  plant  tissues 

j collected  from  both  tfie  experimental  and  referenc;e  marsfies  were  similar 

(Figure  8)  even  thoug.h  chromium  concentrations  in  the  experimental 
marsh  soils  were  higher  than  natural  marsh  soil  chromium  levels  (Table 
6).  Actual  concentrations  in  plant  tissues  were  consistent  with  values 
rejiorted  for  upland  exju-r  imental  crops. 

68.  Clapp  et  al.*  reported  4 ppm  in  corn  stem/leaf  tissues. 
Chromium  is  not  generally  considered  an  essential  plant  element,  though 
the  Council  for  Agricultural  Science  and  Technology  (1976)  i ites  the 
existence  of  reports  of  slight  plant  yield  increases  with  chromium 
additions.  A question  may  he  raised  about  the  effects  of  chromium 
uptake  on  marsh  plant  growth  and  development  because  of  information 
from  literature  citations  of  upland  experiments.  Schueneman  (1974) 
observed  field  beans  with  '30  ppm  chromium  grown  on  soil  containing 
200  ppm  and  reported  a yield  reduction  of  25  percent.  Yield  reductions 


* Unpublished  data  prepared  by  C.  E.  Clapp,  R.  II.  Dowdy,  and  E.  Larson, 
1976,  Agricultural  Research  Service,  U.  S.  Department  of  Agriculture, 
St.  I’aul,  Minn, 
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in  tomato  plants,  wtiich  achieved  chromium  concentrations  as  high  as 
35  ppm,  were  observed  at  tissue  concentrations  as  low  as  5 ppm. 

69.  Ciiromium  concentrations  presented  by  this  study  were  i)igiiest 
in  tile  root  tissues  of  barnyard  grass  and  the  seeds  of  barnyard  grass 
at  botii  tile  exiierimental  and  tlie  natural  sites.  The  tissue  wasiiing 
procedure  effected  a reduction  in  the  concentration  of  chromium  in 
cattail  stems  and  leaves  suggested  the  possibility  of  transfer  by 
surface  contamination.  The  naked  seeds  of  barnyard  grass  could  have 
been  exposed  to  tlie  same  contamination  as  tlie  cattail  leaves.  As  was 
tlie  case  for  zinc,  tlie  relatively  high  root  tissue  concentrations  are 
lielieved,  in  part  at  least,  to  be  caused  by  chromium  contamination  lor 
adliererit  soil  particles. 

Cadmi  uni 

70.  l.ike  ciiromium,  cadmium  concentrations  in  plant  tissues 
analyzed  by  tills  study  were  no  different  between  the  experimental  and 
reterence  marsiies.  Soil  concentrations  of  about  12  and  3 ppm  at  the 
experimental  and  natural  marshes  were  iiigiier  than  tlie  soil  valu'‘‘s  from 
0.01  to  7.0  ppm  reported  by  Allaway  (1968)  for  upland  areas  and  tlie 
mean  concentration  of  1.4  ppm  reported  by  Windom  (1976)  for  25  Soutli 
Atlantic  unpolluted  coastal  salt  marshes.  Cadmium  concentrations  in 
niarsh  plant  tissues  including  the  barnyard  grass  roots  that  contained 
the  highest  concentrations  of  0.72  ppm  were  within  or  below  the  range 
of  concentrations  for  untreated  (control)  exjierimental  crops  grown  on 
line-textured  upland  soils  by  Ciordano  and  Mays  (1977). 

71.  Cadmium  is  probably  the  source  of  more  plant  uptake  concern 
than  any  other  metal  studied  because  of  its  linkage  to  certain  human 
and  veterinary  health  problems  and  the  cumulative  characteristics  of 
cadmium  in  hum.ins  and  animals  from  low  level  exposure. 

72.  The  concentration  and  sjieciation  of  cadmium  in  soil  and 
water  systems  apfiears  to  be  influenced  by  organic  and  water  contents, 
clay  content  and  type,  the  presence  of  Iron  and  manganese  oxides 

and  hydroxiiles,  inorganic  salts  like  carbonates,  sulfides  and 
chlorides,  and  soil  pH  and  redox  potential  (Cambrell  et  al . 1977, 

CouiK- i I for  Agricultural  Science  and  Technology  1976).  More  than 

70 


tlif  iitlii’t  nictal'i  sludU-il,  cadiniuin  iiiob  i 1 i /.a  t i oti  to  available  forniK  i;. 

< on  I I (I  I I I'd  by  soil  pH  and  ri'dox  conditions  potentially  niodilied  by 
dredpp'd  material  disposal  options.  Conditions  ellect  inp,  an  iin  rease 
in  ^.o  i I oxidation  and  a rednclion  in  soil  pH  increase  soluble  c.adiii  i nin 
(onci'iilrat  ions  and  plant  uptake.  In  reduced  sediment  c(jnditions  .at 
pH  , 0 to  (>.(>,  cadiiiinm  is  not  solubilized  even  with  incri'asinp,  concen- 
trations (Cambrel  I et  al.  1977).  b'nder  the  soil  conditions  ol  rednce<l 
to  sli>ditlv  oxidizeil  lb  values  and  soil  pH  values  betwi'en  9 and  b.b 
ol  the  I'X  pe  r I men  t ,1  I and  natural  marsb  snbstrati'S  (Adams  et  al.  197H) 
c.idminm  uptake  by  jrlants  was  the  saint-  and  supp'.esled  as  nnprodnctive  of 
any  potential  bea 1 t b Hazard. 

7j.  Tissue  catiminm  concen t ra t i on  trends,  based  on  a subjective 
evalu.ation  ol  mean  tissue  cadmium  concen  t r.'i  t i ons  , sup, pest  possible 
internal  translocations  ol  catiminm  tbrouj’.li  the  pl.ant  species  stutlietl. 
Ibis  is  basetl  on  tbe  catiminm  concentrations  in  the  rtjots  and  seetls  til 
pl.ants  from  both  Lypt  s oT  m.arshes  relative  to  stem  anti  ie.ai  tissue 
cunt  ell t r.i t i tins  anti  tbt'  absence  til  .any  ;i|)parent  rethtction  in  catiminm 
concentrations  tiiter  the  tissue  w.ishinp,  procetliire.  B.isetl  on  the 
stmlies  t)l  cadmium  upt.ake  by  the  rotrted  freshwater  m.arsh  irlant  li'odi'a 
caHad(lil6A^  (Mayes  et  ;il  . 1977)  the  sources  of  c.rdmium  to  the 
plants  studied  could  have  been  either  the  marsh  stiils  or  the  waters 
1 I ot)d  i np,  t he  mtirshes  . 
be. ad 

/A.  Mean  tot.al  ctintien  t rat  itrns  trf  lead  in  the  soils  of  the  ex- 
perimental anti  n.atural  marshes  were  about  b'5  to  '37  ppm.  Strils  f rtrm 
unptrllutetl  cti.ast.a  I salt  marshes  of  tbe  South  Atlantic  coastal  United 
St.ates  (Windtrm  197f))  contained  a mean  lead  concentration  of  17  ppm. 
Hespite  the  higher  stril  lead  values  at  the  Windmill  Point  experimental 
marsh  relative  ttj  tiie  natural  mar.sh,  lead  concentrations  in  plant 
tissues  of  the  experimental  marsh  were  not  elevated.  The  possibility 
that  lead  was  more  concentrated  in  the  natural  marsh  plant  tissues  was 
mentioned  in  the  results  section.  As  with  all  other  metals  studied 
during  this  project,  concentrations  of  lead  were  highest  in  the  roots 
ol  barnyard  grass.  This  was  evident  at  both  marslus  and  is  attributed 
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luiiii.iiily  to  con  I .1111  i ii.i  I i (III  ol  the  root  tissue  l>y  ndiierent  soils 
p.i  I I ii  1('..  A lodiiclion  in  the  le.id  concen  t r.'i  t i on  ol  c.itt.iil  s'lMii/ 
li.il  1 issues  I I oiii  the  expel  i men  t .1  i site  snp.p.esls  a site  spec  i I ic 
i iiipo  I t aiK  e ol  plant  t i ssinss  snrlace  contamination  I roiii  eitlier  air  or 
w.i  tel  sont  ( cs  . 

/').  I.ead  is  a non-(sSsen  t i a 1 I'lement  witli  low  toxicity  to  plants 
and  liip.h  potential  anim.il  toxicity.  I’l.inis  take  np  lead  in  the  ionic 
loMii  I r om  soils.  Soinhie  U.id  added  to  soils  reacts  with  clays,  laliile 
pho.sph.i  t es  and  organic  material  all  ol  which  ellect  a reduction  in  le.id 
solnliility.  I he  (ainnc  i I lor  Ap,  r i cu  I t n ra  I .Science  ;ind  Teclinology  (I97h) 

( i 1 es  (lox  and  Rains  (19/2),  who  ohs(.'rve(l  .i  reduction  in  lead  uptake  hy 
I plant  S|)ec  ie;^;  I rom  lead  con  t am  i n.i  t ed  soils  alter  liminp,,  .ind  llasselt 
(19/4),  who  related  the  lisid  sorption  cap.icity  ol  Illinois  so  i I .s  to 
lal  ion  exchanp.e  capacity,  pH,  and  ex  I rac  t ah  I e phosphorons  content. 

/().  Slnilies  hy  (laiiihrell  et  al.  (19/7)  indicate  th.it  le.id  .ivail- 
ahilily  is  most  inllnenced  hy  i>ll,  the  a v.i  i 1 .ib  i 1 i t y i nc  risis  i nj',  with 
I owe  I pH.  This  .■^lame  study  identilied  the  assoi  i .i  t i on  ol  lisid  with 
hydrous  oxiihss  and  1 onnd  I li.it  much  ol  the  po  t en  t i .a  I I y available  lead 
wa.s  assoc  i.iled  with  larj'.e  molecni.'ir  weip.ht  hnmic  .icids. 

//.  Hata  I rom  Adams  et  .i  I . (19/K)  identity  a number  ol  soil 

1 inid  i 1 ions  lelevant  to  c(>n  s i de  r.i  t i ons  ol  the  lead  a va  i I ah  i I i t y in 
soils  a I the  Windmill  I’oint  artsi  natural  marshes. 

/K.  head  concentrations  associated  with  the  v.irions  soluble, 

( :-'.(  han>',e.ih  1 e , redm  ihle,  orp.anic,  and  residual  soil  Iractions  were  not 
dillereiil.  the  |)H  ol  the  soils  I roiii  tin-  natnr.il  marsh  were  lower  hy 
an  average  ol  .ihoiit  0 . pH  units  while  cation  exchang.e  values  at  the 
nalnral  marsh  Were  ap|)  rox  i ma  t e 1 y twice  t hi'  values  at  the  expeiimental 
m.'irsh  (()()  vs  iO  meci/lOO  g a.illc).  Statemi'iits  ol  c.inse  and  I'l  I ect  hi'- 
tweeii  soil  lead  species  concentrations  and  plant  tissue  conci'ii  t ra  t i ons 
would  he  pnrily  specn  I a t i vi'  given  tlii'  d.ita  avail.ihle  I rom  this  study. 

As  with  zince,  the  solubility  ol  li'.id  is  the  net  result  ol  .1  number  ol 
Inleirelated  physical  and  chemic.il  conditions.  Naturally  reduced  aipiatic 
Ol  mat  sh  snhslr.ite  conditions  appe.ir  to  limit  the  av.t  i I ah  i 1 i ty  and 
poleliti.il  toxicity  ol  lead. 
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Ch  loijnat^  llydrotjirbons 

P).  (di  lor  in.iU’d  hydrocarbon  conci'ii  t ra  L i on  data  from  marsh  soils 

and  [ilanl  I issues  was  reviewed  cons  i de  r in;' : (a)  available  inlormation 

ilocumen  t in;;  the  uptake  ol  chlorinated  liydrocarbon  compounds  l)y  jjlants, 

(b)  the  me(  li.in  i sms  of  transfer  to  plant  tissues,  and  (c)  soil  conditions 

affei  tinp  platit  chlorinated  hydrocarbon  iiiJtake. 

He  lat  ionsh  ips  amonp,  the  chlorinated 
hydrocarbon  compounds  de'ta  i 1 ed  in 
this  study 

80.  I'or  pur|)oses  of  s t ream  1 i n i n;;  the  discussion,  compounds  are  f 

' (grouped  aceterdinp  t (j  known  chemical  similarities  or  relationships  that 

can  be  uselu!  in  unilerstand  i np,  reasons  tOr  some  of  the  observed  con- 
ceit t ra  t i on  t rends . 

j 81.  Dili  , 1)1)1),  DDl  j and  Ktjtlwine.  01)1)  and  01)F.  are  both  dep.rada- 

I t i on  products  ol  the  insect  it  ide  OD'I  . Oicofttl,  f nown  by  the  commercial 

I name  Kelthani',  is  a OOi-iike  compound  ’’ithout  insecticidal  properties 

anti  is  t lassified  as  an  at.irii  itle  lor  use  in  the  control  of  mites  on 
j 

a witle  ranpe  ttf  erttps.  OO'l  c.an  be  tttnverletl  ttt  dicofol  by  insects 
(brooks  1974)  and  clictiftil  was  ctinverted  ttj  DDE  by  rats  (Menzie  1978). 
ihe  1 n ter  re  1 a t itnish  i p between  these  ctimptuinds  thc-refore  is  established 
by  their  ident  i f ic.it  ion  .as  ctmimttn  breaktlttwn  itroducts  of  different 
chlttrinated  hydroc.irbon  i ompttunds  or  their  existence  as  parent  com- 
pounds ttf  the  same  deprtid.it  i on  itroducts. 

82  . u-cdijord.any'j  f -ch  I tt rdar.e  , heptachlor  and  heptachlor  epox ide  . 
i't.'chn  ic.al  chlordane  is  contaminated  by  technical  heptachlor  and  vise 
versa.  Technical  chlordane  is  <a  misture  ttf  chemically  similar  chlordane 
Isomers  includinp  u,  , .and  y chlordanes  present  in  ratios  that  vary 
between  prttductittn  b.atches.  Heptachlor  degrades  to  heptachlor  epoxide 
in  plants  and  anim.als  and  heptachlor  epoxide  was  detected  in  plant 
tissues  fttllttwinv,  chlordane  applications  (Nash  1974,  Menzie  1978). 
hike  DD'f  and  its  related  compounds  this  group  of  chlorinated  hydro- 
carbons is  interrelated  by  common  degradation  products. 

83.  Dleldrin . Dieldrln  is  the  degradation  product  of  aldrin. 
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Aldrin  conversion  to  dielclrin  by  a variety  of  plants  has  tu-cn  demonst  rat  c-r| 
(Nasli  1974,  Menzie  1978). 

84.  Kepone . Kepone  is  tiie  trademark  for  the  chlorinated  hydro- 
carbon compound  chlordecone  and  is  unrelated  to  .any  other  coniiiound 
studied  by  this  project. 

84.  Arochlor  1260.  Arochlor  1260  is  the  trademark  for  a .'.pecitu 

form  of  polychlorinated  biphenyl  (PCB)  and  is  unrelated  lo  any  othei 

compound  studied  by  this  project. 

Bloavaf  labll  ity  of  ctilori  nated 
hydrocar bon  compounds 

85.  The  concept  of  bioavailability  presented  in  the  discussion 
about  metals  is  also  relevant  to  chlorinated  liydrocarbon  comjjound.s . 

Nash  (1974),  in  a review  of  the  literature  on  plant  uptake  of  in- 
secticides and  other  organic  compounds,  suggests  that  there  are  two 
mechanisms  effecting  plant  uptake.  Plants  may  take  up  chlorinated 
hydrocarbc;ns  by  adsorpt  ion  with  translocation  to  aerial  plant  parts 
or  by  sorpt  ion  by  root  crops  or  aerial  tissues.  The  pcjtc-ntial  for 
either  uptake  mode  depends  on  an  array  of  conditions  includiti)'  the 
characteristics  of  the  compound,  its  concentration  in  the  environ- 
ment, and  the  plant  species  and  soil  < haracter i st  i cs . As  with  metals, 
uptake  appears  to  be  enhanced  by  solubility  in  the  soil  reservoir  and 
reduced  by  conditions  that  tend  o bind  the  (.Tilor  inated  hytl  roca  rbons 
to  solid  soil  particles. 

Marsh  p Ipritjr soil  relationships  an d 
chlor Inated  hydrocarbons 

86.  There  was  no  consistent  correlation  considering  either  t he 
frequency  occurrence  or  the  concentration  data  between  marsh  soils  and 
marsh  plant  tissues  even  though  there  wi're  d i 1 1 eretices  in  soils  chlorin- 
ated liydrocarbon  concentrations  betwei'ii  the  Windmill  Point  expi  r i men  t ,i  1 
marsh  and  the  two  ntitural  marshes.  This  observation  suggests  the 
existence  of  conditions  that  limited  the  transfer  oi  chlorinated 
hydrocarbon  compounds  from  marsh  soils  to  marsh  vascular  veget  .at  i on . 

87.  lii)T , IJDI),  1)1)1-.,  .injl  Ke^lthjine.  DDT  and  its  degr.idat  ion  products 
(excepting  Kelthane)  h.ive  been  studied  more  than  any  other  chlorinati-d 
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Iiyil  I m ,11  bon  in.scri  icidi’.  Ihc  pi' r s i ;;  t .iricc  nl  UlJ'I  is  aiipa  rcn  L I y dfc  rt-asod 
Ijv  iIic  ( oiivi  • r s i 0)1  ol  , 1J)/1  to  \)])\)  ;uid  under  conditions  characteristic 

el  ii.arsli  env  i roniiien  t . iJlt'l  conversion  to  DiJl)  occurs  r.ipidly  under 
teiloied  loiiilit  ions  whiTi'  its  de)',radat  i on  is  isa t .a  1 y zed  by  reduced  iron 
jMir;di-'i  ins.  1)1)1  < (inversion  to  l)l)li  occurs  slowly  in  so  i 1 lint  rapidly 
in  auiii.al  tis;-;ues  C/.tira  t- 1 al.  (ioncen  t ra  L i ons  ol  UD'l  in  plants 

taupe  t rori  / .')  ppm  in  root  imps  to  0 to  10  pfini  in  I ic-ld  crops  viith 
'..lines  at  the  tiiph  end  ol  the  r.inpe  assoc  i.ited  with  suspected  plant 
I issue  soil  contaminat  ion  (hash  Ih/Aj.  IM.'int  tissues  are  rcsidily 
1 duta’i.inat  eil  by  loli.ir  sorption  ol  vo  1 ,-t  t i I i zed  IJIJ'I  , OOb,  or  itiJi),  which 
seeiiis  to  be  a ri'ore  iiiiportiint  me  ch.'in  i sm  lor  soil  to  plant  tr.’insfer  than 
roi.l  iulsorpt  ion  (hash  .'ind  Woo  I son  lOb/J.  Vo  1 .i  t 1 1 i za  t i on  is  .'i  meclninism 
ol  loss  I rom  soils  (l','irmt-r  .and  hetey  lO?/!).  Volatilization  is  tailninced 
by  physical  distnrh.ance  .'ind  m 1 c rot  i I 1 ape  by  b i ot  u rb;i  t i on  (either  plant 
or  anim.il;,  a type  ol  physic/il  distruhance  (hash  ,and  Woo  1 son  ]9f)7). 
t.onditions  th.it  enhance  vo  I .a  t 1 1 i za  t 1 on  sin  a as  t emper.'i  t u re  gradients, 

■air  Mow,  (.■Ic.,  i.e.,  (onditions  th.it  elicit  the  vapor  pressure  ol 

volatile  compounds  at  a so  i 1 -.a  i r or  oil-w.ater  ititerlhice,  are  l.ivored 
by  tiiarsh  conditions.  Reduced  soils  and  periodic  inundation  and 
exposure  ol  marsh  soils  comiiared  with  ;i  const.antly  inniulated  aquatic 
euvironment  lavor  vo  I .at  i 1 i z.'i  t i on  . 

rtB.  Ihe  occnrretice  of  1)1)1  in  the  expi“r  iniental  marsh  recently 
constructed  with  navigation  ch.'innel  sediments,  .although  detected  in 
only  one  s.ample,  could  be  exphiined  in  this  fasiiion.  The  foliar 
:aitptiun  v i .'i  vo  1 .a  t i 1 1 z;i  t i on  of  l)l)b  tr;insler  to  plant  tissues  collected 
I rom  both  the  Windmill  I’oint  exi)er  imental  and  Ducking  Stool  I’oint 
natural  tn.arshes  is  supported  by  the  reduction  in  DDR  concentrations 
by  washing  stem  and  lea)  tissues  collected  I rotn  both  sites.  ()rganic 

m. iterial  iti  soils  elfected  .a  decrease  in  DDT  uptake  in  soybeans  and 
lot  ton  (h;ish  et  al.  IV70);  upt.'ike  of  DDT  by  wheat  was  decreased  in 
soils  with  ne.'tt  neutral  pH,  higher  OKC  and  higher  organic  matter. 

B9.  Windmill  I’oint  experimental  marsh  and  Ducking  .Stool  I’oint 

n. itur.al  m.arsh  soils  dat;i  was  reported  by  Adams  et  al.  (1978).  It 
cati  he  assumed  that  soil  conditions  at  the  Turkey  Island  marsh  were 
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similar  Lo  thf  Ducking  Stool  I'oinl  marsh  than  at  the  expt-r  irnenta  1 
marsh,  these  soil  conditions  help  explain  the  Ireciuetuy  occurrence  oi 
UDh  in  plant  tissue  hitween  sites.  Dlih  occurred  more  often  and  in  a 
greater  variety  o!  |)lant  tissues  from  tiie  Wind-mill  I'oint  marsli.  The 
soil  conditions  at  the  Windmill  I'oint  marsh  were  less  acid  (avp,  pti  = 
f).4)  than  the  natural  marsh  soils,  and  had  a lower  orp.anic  ((intent 
(10  vs  18  percent)  and  cation  exchange  capacity  ( iO  vs  00  mc-(|/100  y ) . 

The  Kelthane  data  are  mysterious  and  no  information  was  availahle  in 
the  autiior's  literature  to  assist  its  inter|)retat  ion . liased  on  its 
chemical  structure  it  would  he  expected  to  be  more  hydrophilic  and  less 
lipophilic  than  DOT  suggesting  a greater  h i oa  v.a  i 1 ah  i 1 i t y and  lower 
bioaccumulation  potential.  Its  detection  in  small  numhers  O oi  4()) 
of  a large  variety  oi  plant  tissiie  or  tissue  treatment  samples  (1  ol  8) 
from  the  Windmill  I'oint  experimental  marsh  compared  with  the  lack  of 
detectable  Kelthane  ca)n cen t ra t i on s in  any  tissues  Iron  the  Turkey 
Island  natural  marsh  under  similar  soil  concentrations  and  I re(|uency 
detection  conditions  remains  unexplained. 

90.  g-cli  1 ordane , y-ch  lordane , hep  t ;ich  lor,  and  heptachlor  epoxide. 
Chlordane  isomers  and  heptachlor  have  been  studied  durine  experiments 
with  root  crops  because  of  their  tendency  for  root  sorption.  Kesidues 
wc-re  fOund  mostly  in  the  root  peel  or  surface  with  very  little  in  the 
plant  (beall  and  Nash  1971,  Nash  1974).  As  with  DDT,  organic  mattc-r 
ellected  a decrease  in  heptachlor  uptake  ly  soybeans  and  cotton  (Nash 
et  al.  1970).  Heptachlor  apiilied  to  soils  (which  occurs  with  either 
technical  heptachlor  ap]ilication  or  technical  chlordane  application) 
was  recovered  in  plant  tissues  as  heptachlor  epoxide  (Nash  1974).  No 
chlordane  isomers  were  detected  in  the  plant  tissue  samples  collected 
I rom  the  Windmill  I’oint  experimental  marsh,  and  except  for  the  occur- 
rence of  7 chlordane  in  two  barnyard  grass  root  tissui-  samples  collected 
f r(;m  the  Turkey  Island  marsh,  there  was  no  mentionable  chlordane 
transfer  to  marsh  plants.  The  reasons  for  the  observed  data  cannot  be 
explained.  Heptachlor  and  heptachlor  epoxide  concentrations  were 
detec:ted  only  in  sing.le  tissues  or  tissue  treatments  of  plants  collected 
I rom  the  Windmill  Hoint  and  Ducking,  Stool  I’oint  marshes.  based  on 
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the  sparse  data  (Table  10)  no  defendable  interpretation  could  be 
presented . 

91.  Dleldrln . The  lack  of  detectable  concentrations  in  any  of  the 
marsh  soil  samples  and  its  detectable  presence  in  only  one  plant  tissue 
sample  collected  from  the  Turkey  Island  natural  marsh  excludes  it  from 
further  discussion. 

92.  Kepone . The  discharge  of  Kepone  from  the  Life  Science  Products 
Company  in  Hopewell,  Va. , to  the  sewage  treatment  plant,  followed  by 

the  closure  of  Life  Science  Products  Company  on  23  July  1975,  led  to 
the  HOP  awareness  of  the  contamination  of  the  James  River  sediments 
with  Kepone.  Subsequent  studies  reported  by  Hansen  et  al.  (1976), 

U.  S.  Army  Engineer  District,  Norfolk  (1976)  and  Gregory  (1976)* 
identified  Kepone  as  a highly  toxic  and  bioaccumulative  chlorinated 
hydrocarbon  compound.  The  concentration  distribution  of  Kepone  in 
the  James  River  sediments  was  reported  by  Gregory  (1976)  as  10,000  ppb 
in  Bailey's  Creek  sediments  at  the  mouth  of  the  Hopewell  sewage  treat- 
ment plant  (Figure  17)  and  20  to  90  ppm  at  Windmill  Point  (Figure  18). 

If  it  is  assumed  that  a simple  relationship  exists  between  the  water 
solubility  of  Kepone  and  its  availability  to  plant  tissues,  then 
Kepone  uptake  might  be  expected  by  the  plant  tissues  studied.  Accord- 
ing to  Brooks  (1974),  Kepone  is  stable,  dissolves  in  strong  aqueous 
alkaline  solutions,  and  readily  forms  hydrates.  Brooks  states  that 
water  solubility  is  low,  as  usual  (for  chlorinated  hydrocarbon  in- 
secticides**). Saleh  et  al.  (1978)  reported  that  only  lindane  (which 
is  2,000  times  more  water  soluble  than  DDT  according  to  Nash  (1974)), 
Kepone,  and  total  PCBs  were  present  In  measurable  concentrations 
m entrifuged  supernatant  elutriate  from  Bailey  Creek  sediments. 

I .jut hors  suggested  that  Kepone  and  PCBs  exhibited  a behavior 
r.  t from  other  chlorinated  hydrocarbons  under  investigation. 

In  sediments  and  water  in  the  Chesapeake  Bay 
'.  ■ regory.  Paper  presented  at  the  Kepone  Workshop 
t:tute  of  Marine  Science,  Gloucester  Point,  Va. 

f 1 .« r 1 f i c a 1 1 on . 


Figure  18.  Sediment  Kepone  concentrations  in  the  top  four  centimetres. 


Richmond  to  Chickahominy  River 
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93.  The  large  differences  In  the  soil  concentration  of  Kepone 
collected  from  the  Windmill  Point  experimental  and  the  two  natural 
marshes  do  not  correlate  with  plant  tissue  concentration  relation- 
ships. Despite  the  large  differences  between  soil  sample  concentra- 
tions from  the  Windmill  Point  experimental  marsh  and  the  Ducking  Stool 
Point  natural  marsh,  plant  tissues  containing  detectable  Kepone  were 
not  different  in  their  concentrations.  The  lack  of  detectable  Kepone 
in  any  aerial  plant  tissues  suggests  that  there  was  no  absorption  and 
translocation  to  aerial  tissues.  The  concentrations  in  the  root 
tissues  of  barnyard  grass  and  cattail  at  both  downstream  marshes 
identifies  conditions  that  could  be  the  result  of  either  root 
surface  sorption  or  adherent  soils  contamination. 

94.  Arochlor  1260.  Unlike  the  other  chlorinated  hydrocarbon 
compounds  studied  during  this  project,  Arochlor  1260  is  not  an  in- 
secticide. It  has  not  been  studied  by  the  agricultural  community 
concerned  with  plant  uptake  effecting  reduced  crop  yield.  Arochlor 
1260  and  other  PCBs  such  as  Arochlor  1254  are  structurally  related 
to  DDT-like  compounds  and  subject  to  the  same  properties  of  resist- 
ance to  rapid  degradation,  relatively  low  water  solubility,  and  high 
fat  solubility.  As  a result  they  have  been  characterized  as  persis- 
tent and  bioaccumulative  (Zitko  and  Choi  1971,  Risebrough  and  de  Lappe 
1972).  Based  on  numerous  observed  Incidents  of  PCB  accumulation 

in  filter-finding  and  suspension-feeding  shellfish  like  oysters  and 
mussels  (Lincer  et  al.  1976),  PCB  concentrations  have  been  related 
to  particulate  organic  materia] . Information  about  factors  affecting 
the  solubility  of  PCBs  are  useful  for  interpreting  plant  uptake  data. 
Pavlou  et  al.  (1978)  reported  that  PCBs  are  distributed  by  equilib- 
rium partitioning  between  the  water,  sediments  and  suspended  material 
(living  or  dead)  and  indicates  that  a reequilibration  may  occur  when 
PCB  contaminated  sediments  are  moved  to  a less  contaminated  environ- 
ment. Saleh  et  al  (1978)  state  that  PCBs  behave  differently  than  a 
variety  of  other  chlorinated  hydrocarbons  including  DDT,  DDD,  DDE, 
dieldrin,  endrln,  heptachlor,  etc.  These  authors  suggest  that  PCBs 
are  either  more  soluble  or  more  assoicated  with  colloidal  particles 
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than  most  other  chlorinated  hydrocarbon  compounds. 

95.  The  high  frequency  of  occurrence  of  detectable  PCB  concentra- 
tions in  the  Windmill  Point  experimental  marsh  soils  and  the  apparently 
higher  concentrations  of  Arochlor  1260  in  the  soils  of  the  experimental 
marsh  (if  soil  zones  are  pooled)  than  occurred  in  either  of  the  natural 
marshes  was  not  reflected  in  plant  tissue  samples.  Neither  Windmill 
Point  nor  Turkey  Island  marsh  plant  tissue  samples  contained  detectable 
PCB  residues.  At  the  Ducking  Stool  Point  natural  marsh,  detectable 
Arochlor  1260  in  root  tissues  of  cattail  and  barnyard  grass  and  unwashed 
stem  and  leaf  tissues  of  barnyard  grass  and  cattail  suggests  that  root 
sorption  and  foliar  contamination  might  have  been  the  plant  uptake 
routes . 


( 

t 
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PART  V:  CONCLUSIONS 

Metals 

96.  Estimated  total  soil  metals  concentrations  resulting  from  a 
wet  ashing  (nitric  acid)  extraction  procedure  cannot  be  used  to  evaluate 
the  potential  transfer  of  nickel,  zinc,  chromium,  cadmium,  or  lead  from 
dredged  material  to  marsh  plant  tissues  under  conditions  of  freshwater 
marsh  habitat  development. 

97.  Total  concentrations  of  chromium,  cadmium,  and  lead  in  the 
soil  of  a dredged  material  marsh  did  not  effect  an  increase  in  those 
metals  in  marsh  plants  growing  in  those  soils,  as  Indicated  by  com- 
parison with  marsh  plant  metal  uptake  from  natural  marsh  soils  con- 
taining lower  concentrations. 

98.  Nickel  was  the  only  metal  studied  that  could  be  Identified  in 

j an  experimental  (dredged  material)  marsh  plant  tissue  at  higher  levels 

I than  existed  in  a similar  plant  tissue  from  a natural  marsh. 

' 99.  Metal  concentrations  within  the  same  plant  tissue  types  and 

j among  different  plant  tissue  types  generally  exceeded  metal  concentra- 

tion differences  between  samples  collected  from  a dredged  material  and 
natural  marsh. 

100.  Gross  plant  tissue  morphology,  related  to  a potential  for 
metals  contamination  by  adherent  soil  particles,  is  probably  a primary 
determinant  of  tissue  metal  concentrations.  Plant  tissue  washing 
procedures  designed  to  remove  metal  contaminants  from  plant  leaf  and 
stem  surfaces  are  valuable  in  assisting  the  interpretation  of  metals 
uptake  data. 

101.  Natural,  physical,  and  chemical  processes  dominating  marsh 
soil-water  systems  seemed  to  effectively  immobilize  nickel,  zinc, 
cadmium,  chromium,  and  lead  to  insoluble  soil  fractions,  thereby  re- 
ducing the  transfer  of  these  metals  from  the  freshwater  marsh  substrate 

‘ to  marsh  vascular  vegetation. 
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Chlorinated  Hydrocarbons 

102.  Chlorinated  hydrocarbon  compound  levels  in  marsh  soils,  based 
on  frequency  occurrence  of  detectable  concentrations  or  actual  con- 
centration values,  were  not  correlated  with  the  frequency  occurrence  of 
detectable  concentrations  or  actual  concentration  values  in  marsh 
vascular  plant  tissues. 

103.  A higher  frequency  of  detectable  concentrations  of  ODD,  a 
and  7 chlordane,  and  Arochlor  1260,  observed  in  soil  samples  collected 
from  the  Windmill  Point  experimental  marsh  as  compared  with  observa- 
tions in  two  natural  marshes,  was  not  related  to  the  frequency  of 
detection  of  these  compounds  in  plant  tissues.  DDE  and  Kelthane  were 
detected  most  frequently  in  plant  samples  collected  from  the  Windmill 
Point  experimental  marsh. 

104.  Kepone  was  detected  in  all  marsh  soils  studied.  Soil  Kepone 
concentrations  were  higher  at  the  Windmill  Point  experimental  marsh, 
compared  with  the  natural  marsh  at  Ducking  Stool  Point,  and  Ducking 
Stool  Point  marsh  soil  concentrations  were  higher  than  concentrations 
in  the  soils  collected  from  the  Turkey  Island  marsh  located  upstream 
from  Hopewell,  Va.  Kepone  was  detected  with  the  same  frequency  in 
the  same  plant  tissues  of  both  the  Windmill  Point  and  Ducking  Stool 
Point  marshes,  and  there  were  no  differences  in  relative  plant  tissue 
Kepone  concentrations  between  these  marshes.  A few  of  the  same  kinds 
of  plant  tissue  samples  collected  from  the  Turkey  Island  natural  marsh 
contained  apparently  lower  Kepone  concentrations,  but  significance  of  the 
data  was  not  testable  because  of  the  low  number  of  detectable  concen- 
trations , 

105.  DDE  and  Kepone  were  detected  more  often  in  marsh  soils  and 
plant  tissue  samples  than  any  other  compound  studied. 

106.  Heptachlor  epoxide  and  dleldrin  were  detected  in  marsh  plant 
tissues  but  not  in  marsh  soils, 

107.  Soil  conditions  affecting  the  association  of  chlorinated 
hydrocarbon  compounds  with  particulate  soil  phases,  thereby  decreasing 
solubility  or  volatilization,  reduce  the  transfer  of  these  compounds 
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from  marsh  soils  to  marsh  vegetation.  Important  conditions  appear  to 
be  soil  organic  content,  cation  exchange  capacity  and  pH. 

108.  Chlorinated  hydrocarbon  compounds  may  be  transferred  from 
marsh  soils  to  marsh  vegetation  by  either  root  absorption  and  tissue 
translocation  or  by  sorption  to  root  or  aerial  plant  tissues. 

109.  Plant  tissue  washing  procedures  designed  to  remove  chlorinated 
hydrocarbon  contaminants  from  stem  and  leaf  surfaces  are  valuable  in 
assisting  the  interpretation  of  chlorinated  hydrocarbon  uptake  data. 

109.  Chlorinated  hydrocarbon  concentration  levels  detected  in 
marsh  soils  and  marsh  plant  tissues  during  this  study  were  generally 
lower  than  values  reported  in  upland  soils  and  crop  plants  by  the 
scientific  literature. 
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